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The Reduction of Accidents in a Transport 
ompany by the Determination of the 
Accident Liability of Individual Drivers 


by Lynette Shaw and Herbert S. Sichel 
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SUMMARY 


This paper outlines the development of a research proj- 
ect on accident occurrence and accident liability carried 
out in a South African transport company employing Afri- 
an bus drivers. 

The project has involved the study of the company’s 
Orporate accident statistics and also a detailed statistical 
inalysis of the records of 898 African bus drivers. 


As a result of the study of the corporate accident sta 
tistics, methods were evolved for recording accident 0« 
currence on control charts which were sensitive enough 


to highlight any significant trends and practical enough 
to form basis for the managerial policy on accident 


ontrol 


the ind vidual records of this large body 
irivers, equalized as to physical fitness 
and driving risks, revealed that the 
each individual driver was different 


as to represent a function in 


ly of these naivi i ial re ords, a 
Stal lishing ontrol charts for each 
lassifying them as accident risks 
possible to detect existing and pe 
The gradual elimination of these 
ment by men of a better calibre 
ent in the company 
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Herbert S. Sichel is director of the Op- 
erational Research Bureau, Johannesburg, 
South Africa. He received his B.Sc. degree 
in 1938 from the University of Pretoria and 
attained his M.Sc. degree in 1950 and his 
D.Sc. in 1953 at the University of the 
Witwatersrand, Johannesburg 
He is especially interested in the develop- 
ment of the theory of mathematical statis- 
tics and its application to practical problems 
He has published over 40 papers on theo- 
retical and practical topics connected with 
s‘atistical and operational research 
Dr. Sichel was elected a member of the International Statistical 
Institute in 1957 and in 1958 he was made a fellow of the 
American Statistical Association. He is also a fellow of the Royal 
Statistical Society, past president of the South African Statistical 
Association, member of the Psychometric Society and member of 
the South African Institute of Mining and Metallurgy 


were selected by means of psychological tests which will 
be described in a later paper. ) 


The writers submit that this investigation provides con- 
firmation of the concept that certain people are inherently 
bad road accident risks, and illustrates the substantial re- 
duction in accidents that can be brought about by not 
allowing such people to drive. They feel that these find- 
ings accentuate the need for systematic research on the 
human factors in accidents and for effective action to be 
taken as a result of this research 


INTRODUCTION 


An extensive psychological and statistical research project 
on road accidents has been in progress over the last eight 
years in a transport company in South Africa 


The research project has been an essentially practical 
one, the aim being to reduce the company’s accident rate 

The project is too comprehensive to be covered in one 
paper and three papers are being prepared, one general, 
one statistical and one psychological. This is the general 
paper. It covers the development of techniques for record 
ing accident statistics and for evaluating accident liability 
in individual drivers. It also covers the practical applica 
tion of these techniques in the transport company and the 
results achieved thereby. The second paper will deal with 
the statistical techniques used (many of them new) and 
is being pre vared for publication in a statistical journal 
by one of the present writers H. S. Sichel. The third 
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paper will deal with the psychological techniques evolved 
tor the selection of new driver intake (particularly the use 
of projective techniques for predicting accident liability) 
and with follow-up studies of this selection. 

The project has been carried out by Industrial Psycho- 
logical Services and the Operational Research Bureau, who 
are respectively the psychological and statistical consultants 
to the transport company. The investigation covers the 
records of 898 African bus drivers with exposure periods 
of up to 10 years. 


THE GENERAL BACKGROUND OF THE 
RESEARCH PROJECT ON ROAD ACCIDENTS: 


The company in which the investigation was carried 
out, Public Utility Transport Corp. (PUTCO), is a com- 
pany supplying most of the bus transport for the non- 
white communities of the South African cities of Johannes- 
burg and Pretoria. 

The drivers are all non-whites—mainly Bantu, with a 
small admixture of Coloreds and Indians.* These drivers 
operate diesel-powered buses, most of which are large 
85-passenger-carrying single-decker vehicles. Most of the 
driving is done in heavy city traffic and between them the 
drivers travel 11 million miles a year. 

The cities of Johannesburg and Pretoria have the unen- 
viable record of having one of the highest accident rates 
in the Western World (the death rate per vehicle regis- 
tered in Johannesburg is reported as being four times that 
of New York). A variety of causes, ranging from dense 
traffic in narrow streets to a polyglot population with a 
fast pace of living, all contribute to this high accident rate. 
When one adds to this the conditions prevailing in the 
rapidly-expanding and often overpopulated Bantu town- 
ships on the outskirts of these cities, it will be appreciated 
that a company operating Bantu transport is bound to have 
its bus fleet involved in a considerable number of accidents. 

What may be termed an operational headache is, how- 
ever, a statistician’s opportunity and the records of a 
company functioning under conditions such as these pro- 
vide ideal material for an investigation on accident oc- 
currence. 

The company has been operating since 1945 but this 
particular investigation has been limited to the years of 
1951 to 1960 inclusive. It covers the analysis of the acci 
dent records of 898 bus drivers employed by PUTCO 
during this time 

These records are kept in very great detail. Each driver 
has an individual accident file containing comprehensive 
forms which are filled in for each accident in which he is 
involved. These forms give, inter alia, the driver's account 
of the accident, statements taken from witnesses, the find 
ings of the official investigating the accident and details 
of causation. They also contain an assessment of the seri- 


ousness of the accident and the degree of culpability which 


in be attributed to the driver 


In addition, records are 
kept of any unusual time off driving, such as annual leave, 
sick leave, absenteeism, eti 
late actual driving exposure 


so that it is possible to calcu 


The South African Information Service defines Bantu as the 
generic term for Negro tribes, Colored as persons with a mixture 
of white and non-white blood lines, and Indians as descendants 

grants from India 


In addition, this exposure is standardized. Although 
trafic conditions differ in the various divisions of the 
company, it is possible to assess the effects of these differ- 
ences. Within each division the conditions are the same 
for each driver. The buses are the same and each man 
drives an eight-hour shift. The shifts are changed from 
time to time so that over a period each driver is exposed 
to the same traffic risks. 

All the drivers are trained to a high degree of driving 
proficiency and regular inspections are made to insure that 
this is maintained. 

The age of each driver is known and information ts 
available as to whether he had driving experience before 
joining the company. They are all literate and the mini- 
mum educational level is Standard 5 (post elementary 
school pa 

All the drivers are given regular medical and optical 
examinations and are required to meet high standards of 
physical fitness, vision and hearing. 

Every incident, however trivial, in which the company’s 
vehicles are concerned is regarded as an “accident’’ and 
is recorded on the file of the driver concerned. Over the 
10 years covered by the investigation, the 898 drivers were 
involved in 7,452 “accidents.” 

Because of the difficulty of finding good bus driver 
material amongst the African population, the company has 
often been unable to discharge unsatisfactory drivers. This 
has provided unusual evidence of repeated accident occur- 
rence over periods of long exposure. 

With this wealth of material it was possible to carry 
out a very comprehensive investigation on road accident 
occurrence, the general outline of which is given here. 


THE RESEARCH PROJECT 
The investigation followed two main lines: 
(1) The analysis of the total accident statistics of the 
company; 
(2) The analysis of the accident records of each indi- 
vidual driver. 


The Analysis of the Accident Statistics: 

The purpose of this investigation was to find a method 
of recording and presenting the company’s accident statis- 
tics in a form which would provide easily-understood visual 
evidence of any significant trends in the accident position. 

There are four divisions of the company, three in Jo- 
hannesburg (Wynberg, Kliptown and Martindale) and 
one in Pretoria. Within each division the operating con- 
ditions are very homogeneous; but between divisions there 
is a definite difference. For better managerial control it 
was decided, therefore, not only to draw trend graphs 
showing the accident rate of the company as a whole, 
but also to devise control charts for each separate division 
The statistical unit which was chosen as being the most 
meaningful was the number of operational accidents in 
relation to the number of miles driven. 


In order to determine the number of operational trafhic 
accidents, the following practices were adopted: every re- 
ported occurrence in which the company’s buses were 
involved in collision with any object whatever was regarded 
as an “accident’’—-whether any damage resulted from the 
occurrence or not, whether the company’s vehicle was 
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noving or stationary, and whether the company’s driver was The following examples illustrate these points: 
regarded as being blameworthy or completely blameless In one division (Fig. 1) the accident rate suddenly 
It was appreciated that in compiling the statistics in this dropped and remained outside the limits of the control 
accidents were likely to be included where chart for some time. This was at first attributed to the 
e was completely unavoidable and where it beneficial effects of appointing a new official but the 
fair to debit the company with the accident unusually small amount of fluctuation between the points 
nvestigation it was found, however, that the aroused suspicion and an investigation revealed that the 
such occurrences in relation to the total nun drop was, in fact, due to the incorrect reporting of acct- 

nall and the distribution was so random, that dent occurrence 
clusion would not fundamentally affect the over-all 

ttainly not enough to compensate for the delay 


REPORTING 
1c , OENT AATE 


Susre AN. 
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(956 1957 
SEQUENCE 


waiting for ident n which to deci 


\ 


non 
ing buses Fig. l 
this basis and using ” time unit of 25 Portion of a divisional control chart revealing the incorrect reporting 
rates were then worked out in terms Of of accident occurrence. (Note: In all cases the ‘accident rate’ is the 
f accidents per 10,000 miles driven per number of accidents per 10,000 miles driven.) 
These rates were calculated for each of the 
und for the company as a whole In another division, where the drivers were mostly older 
os harts was then devised for each en with long service, a popular divisional superintendent 
f the on | t as follows who had been there for a long time, was replaced by an 
other othcial. The accident rate immediately showed a sig 
fhcant increase and did not revert to normal for nearly 
1 year, Fig. 2 gives portion of the divisional control chart 
showing the change in management followed by three suc 
essive points above the uy per warning line and a highly 
significant run of seventeen points above the median lir 


Che practical application of this part of the investigation S 


inayvemecrt 
centfa 

' 
iDl¢ pi turc 


Valual 


Portion of a divisional control chart showing a significant increase in 
the accident rate due to the removal of a popular supervisor 


On several occasions the accident ¢ of the company 
reflected general unrest caused by local disturbances 
when a rise in the bus fares resulted in a boy 


the company’s buses, the feeling ot general unrest 
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was reflected in the accident rate. Even after the boycott 
was over the accident rate did not revert to normal for 
several months. The same phenomenon was observed at 
the time of the Sharpeville disturbances in 1960 (Fig 3). 


[ SWARPE VILLE 
_O“sT UABANCES 


4 ME SEL QUE NCE 
Fig. 3 


Portion of the trend graphs of the company as a whole showing the 
effect of civil disturbances on the accident rate 


The control charts and trend graphs have provided con- 
crete evidence of the fact that the accident rate throughout 
the company has fallen appreciably. In fact, as of June 
1961, the charts of all four divisions have shown almost 
unbroken runs below the median line over the last 18 
months. Fig. 4, which is a five-point moving trend graph 
of the accident rate of the company over the last ten years, 
clearly demonstrates this improvement. It shows a fall in 
the accident rate from 2.4 accidents per 10,000 miles driven 
in 1951, to 1.1 in 1961. This present rate means that the 
average performance of the company's drivers is one acci- 
dent (which may, in fact, be a very minor incident) for 
every 9,000 miles of city driving. 


Fig. 4 


Trend graphs of the accident rate of the company from 1951 to 1961 


The Analysis of the Accident Records of Each 
Individual Driver: 


At an early stage in the research project it was decided 
to undertake a detailed study of the individual accident 
records of the company’s drivers. The main objects of this 
study were 


1) To establish whether individual drivers did have 
individual accident patterns. 


2) To establish a reliable method of classifying the 
company’s drivers on the basis of their accident records. 


3) To determine whether it was possible to predict a 
driver's future accident record on the basis of his past 
record. 


1) To establish an accident criterion against which to 
measure the success of new driver selection methods. 

5) To apply the findings of the investigation for the 
purpose of reducing the company’s accident rate. 


(Note: It is gratifying to note that as a result of this 
investigation all these objects have been achieved.) 


Basically, the investigation boiled down to a practical 
research project on the much debated question of “accident 
proneness."" The approach to the problem of accident 
proneness by means of the study of individual records 
was a somewhat unusual one. Previous studies on prone- 
ness have largely concerned themselves with the study of 
groups of drivers, and attempts have been made to estab- 
lish whether predictions of future behavior could be made 
on this basis. These studies have yielded rather poor 
results. In the opinion of the present writers, this is largely 
because of the “blanketing’’ effect of any group technique, 
where predictions for the behavior of any one individual 
are made on the basis of the pattern of a group of which 
he happens to be a member. 

The individual approach was therefore regarded as being 
more likely to yield good results. Another and more im- 
portant consideration was, however, the fact that the 
research project was essentially a practical one and in 
practice it is the individual that counts, particularly in the 
operation of a transport company. In such a company the 
omposite accident rate is the summation of the perform- 
ince of its individual drivers, and managerial policy can- 
not hope to be effective unless it has a means of assessing 
each driver on his own particular merits 


For this reason the research project resolved itself into 
in attempt to establish a reliable method of evaluating 
ident liability in individual drivers. 


The Research Project on Individual Drivers 


[he first objective of the study was to investigate such 


atures as 


What was the important feature of°a man’s accidents 

was it the frequency, or the severity, or the degree of 
blameworthiness, or the outcome in terms of property 
damage, injury or death? Was there any meaningful pattern 
in an individual's accidents or were they merely occurrences 
dictated by chance? What was the effect of experience or 
long exposure ? Did the drivers improve over the years? 


To achieve this study the individual records of all drivers 


mployed by the company since 1951 were assembled 


ind analyzed in detail 


The question of severity was considered first. Although 
some interesting trends were disclosed, in that several 
drivers appeared to have more than their ‘air share of 
major” accidents (accidents where the costs exceeded 
£100), this approach did not yield any very helpful results. 
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This was not regarded as surprising, considering the fact 
that the outcome of an accident in terms of costs, or in 
terms of injuries or death, is often purely fortuitous. 


The question of the blameworthiness of the driver was 
then considered. Every accident sustained by every driver 
over a period of five years was assessed by experienced 
officials of the company’s accident bureau and was graded 
on a five point scale: 100 per cent to blame, 75 per cent, 
50 per cent, 25 per cent and O per cent. It soon became 
apparent, however, that this approach, although laudably 
comprehensive, would not prove very practicable either. 
In over 50 per cent of the accidents, the accident bureau 
officials rated the company’s drivers as entirely blameless. 
On the face of it, this appeared to be extremely improb- 
able and further investigation confirmed this fact. 


In the first place, it was found that often the only evi- 
dence available was the driver's own statement—a state- 
ment which naturally presented his case in the most 
favorable light. In the second place, the assessors, who 
happened to be the men most competent to do the assess- 
ment, happened also to be the officials who handled all 
the accident claims—with the result that they were in all 
probability conditioned into thinking with a definite bias 
in favor of the company’s interests 


It appeared therefore that a rating system such as this, 
although intended for the objective allocation of driving 
blame, was in fact merely a reflection of such functions 
as the assessor's way of thinking, or the driver's ability 
to present a good case for himself. Subsequent attempts 
to arrive at a true assessment of blameworthiness were 
equally disappointing and, in the end, the whole approach 
ot differentiating between one accident and another had 
to be condemned for statistical purposes as being too sub- 
jective, or too dependent on chance or on the reliability 
of the evidence available 


For day-to-day managerial purposes, however, a new 
system was devised whereby each accident was given a 
code number indicating that, on the basis of the evidence 
available the driver was: 


apparently blameless 


guilty: of only very minor negligence 

guilty of definite negligence 

guilty of reckless and dangerous driving 
guilty of driving under the influence of liquor 


This coding was found to be very useful for disciplinary 
purposes 


It was therefore decided that though all relevant infor- 
mation concerning accidents was of interest and of admin- 
istrative value, the only reliable unit for statistical purposes 
was the number or rather the frequency (meaning the 
pattern of the occurrence) of an individual’s accidents 
and the research program was therefore directed towards 
an intensive study of this factor. 


Fortunately it was later established that by limiting the 
investigation to this one aspect very little was being lost. 
It was later proved that the frequency of an individual's 
accidents is not only a reliable statistical measure, but 
also a highly significant one. Whatever the result of an 


accident and whatever the degree of the driver's blame- 
worthiness, the fact that he is involved in a situation 
resulting in an accident is apparently very significant and 
the frequency with which he is involved is even more so. 


There are certain occasions, however, when there is ob- 
jective proof that a particular driver is completely blame- 
less and his involvement is so fortuitous that it would be 
illogical to debit him with the accident. 


For the purposes of this investigation (and bearing in 
mind the conditions under which the company’s drivers 
operated), the following accidents were therefore excluded 
from the frequency calculations as being fully blameless: 


1) an accident involving a bus which had been sta- 
tionary for some time and which had been correctly parked 
in an authorized place. 


2) damage due to riots or falling debris, etc. 


3) platform accidents involving unauthorized boarding 
and alighting of passengers. (It was appreciated that in 
some cases the driver may not have been altogether blame- 
less but the greater behavior of Bantu passengers in crowd- 
ing the buses and jumping on and off when the vehicle 
is in motion is such that it is usually impossible for the 
driver to control their activities. ) 


4) very occasional occurrences, such as a case where a 
vehicle driven by a drunken third party had crashed, out 
of control, into one of the company’s buses. 


5) accidents due to the development of unavoidable 
mechanical defects on the buses. 


As this procedure still contained a certain degree of 
subjective judgment, a statistical check was made to test 
the validity of the premise on which it was based. It 
was argued that if the reasoning was incorrect then the 
investigation would show up that certain drivers were 
getting away with more “fully blameless’ accidents than 
others. This was not found to be the case and the dis- 
tribution of these blameless accidents was found to be a 
Poisson one and therefore in all probability dictated purely 
by chance, 


The investigation then turned to the question of what 
could be gained by studying the pattern of the occurrence 
of each individual driver's accidents. To do this it was 
necessary to have a schedule of accidents and a schedule 
of time-off driving in order to establish the actual ex- 
posure time between accidents. Because of certain untrace- 
able minor factors such as on what day the weekly ‘‘day- 
off” occurred, it was decided that it would be impracti- 
cable to go into the question of time-off driving in too 
fine detail, and that any period of less than three days 
absence should be ignored. This system was later found 
in practice to be quite sufficiently sensitive. 


Working on this basis, an accident build-up sheet was 
then drawn up for each driver. These sheets produced the 
following information: 


a) The time intervals between successive accidents (the 
first time interval being the interval between the start of 
exposure to the first accident). These intervals, expressed 
in terms of actual driving time in days, were given the 
designation “'t.”’ 
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b) The logarithms of these time intervals. 

c) The cumulative average of these time intervals. 

Each driver's record was then transferred onto an indi- 
vidual control chart with the abscissa recording the num- 
ber of each successive accident and the ordinate, the log- 
arithms of the time intervals (tm) between these accidents. 
The statistical theory on which the control charts are based 
is as follows: 

If the accident liability of an individual driver is con- 
stant, in time it can be proved that the time intervals be- 
tween successive accidents are distributed according to the 
negative exponential law. 

If the averages of time intervals (tm) are different for 
different drivers it follows that, due to the standard devia- 
tions being equal to the means, no fixed control grid can 
be applied. This difficulty may be overcome by using a 
logarithmic transformation of the time intervals. This has 
the great advantage of equalizing the standard deviations, 
thus making it possible to use one set of control limits 
for distinguishing between good and bad drivers. In Fig. 
5 the histogram of 4864 logarithms of observed time 
intervals adjusted to zero median is superimposed on to 
the theoretical distribution law. The agreement between 
the observations and the theory is excellent and the ob- 
jective Chi Square Test does not reject the hypothesis of 
exponential time interval distributions for individual 
drivers. It is therefore possible to derive the correct limits 
from the theoretical distribution, as indicated above the 
histogram of Fig. 5. 


Ne OF ACCIOENT TIME NTERVALS - +86 
N* OF DRIVERS © J8d 
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Fig. 5 


Observed and theoretical frequency distribution of logarithms of time 
intervals between accidents with zero median as origin 


Specimens of these time-intervals control charts for in- 
dividual drivers will be given later in the text. In reading 
them, the following features are of importance: 

1) The significant factor is not the number of accidents 
(for this may be dependent on short or long total ex- 
posure); it is the time interval (tm), i.e. the height of each 
point on the ordinate. 

2) A good record (Fig. 6) is one where the points are 
mostly above the line indicating the median for that di- 
vision. 

3) A bad record (Fig. 7) is one where the points are 
mostly below the median line for that division. 
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Fig. 6 
The control chart of a driver with a good record and most of the 


points above the median line and only 11 accidents in nine years 
(an average of 20,000 miles of driving between accidents). 
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Fig. 7 
A bad record with most of the points below the median line and 23 


accidents in three years (an average of 3,000 miles of driving between 
accidents) 


i) An upward trend indicates a lengthening of the 
time intervals, i.e. an improvement. 

5) A downward trend indicates a shortening of the 
time intervals, i.e. a deterioration. 

A study of the accident graphs and the build-up sheets 
of all the drivers produced the following valuable infor- 
mation: 

a) In many of the drivers, particularly the relatively 
inexperienced ones, a definite learning period of up to 
six months was clearly discernible. During this learning 
period, a new driver usually had several accidents at rela- 
tively short intervals. 

b) At the end of the learning period a pronounced im- 
provement was noticeable, the time intervals became longer 
and each driver developed an individual accident ‘‘pattern.” 
The cut-off of the learning period was so obvious that it 
was possible to exclude this period when evaluating his 
true accident liability. Fig. 8 shows a typical learning 
period followed by a stable accident pattern. 
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A typical learning period followed by a stable and good accident 
pattern 


c) This pattern was remarkably consistent, so consistent, 
in fact, that it was apparent, even to the eye, that the time 
intervals (tm) were not dictated by chance but that they 
played around a stable level. This level was different for 
each individual driver. 

d) The graphs were so easy to read that it was possible, 
by eye alone, to mark off the learning period and make an 
estimate of that driver's individual level of accident 
liability. In practice, this rough estimate was usually a 
very close approximation to the actual mathematical mean 
(t~) of the intervals calculated from his build-up sheet. 

) shows the control chart of an individual driver 
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Fig. 9 


The control chart of an ‘average’ driver illustrating the stability of 
an accident pattern 


e) Significant learning periods were only found among 
the men who had turned out later to be good accident 
risks 


f) In the case of the bad risks, “‘accident-proneness’”’ 
was definitely exhibited. These drivers had started with 
short time intervals between accidents and, even after the 
period when learning should have ceased, had continued 


to show no real improvement. Fig. 7 is a typical case of a 
bad record extending over three years with no real improve- 
ment. In many of these instances the driver had eventually 
been discharged but not before he had been involved in a 
number of accidents. Fig. 10 shows the record of a driver 
who, over a period of 10 years, had been involved in one 
major and 44 minor accidents. Disciplinary action was al- 
ways followed by a period of improvement, but in each 
case this was only temporary. Towards the end of his 
career he was given a severe reprimand and told that 
he would be taken off driving if he did not reform, He 
then had fewer accidents which made him overconfident 
and he finally caused a major accident for which he was 
discharged. 
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Fig. 10 


A record with 45 accidents in 10 years showing the purely temporary 
effect of disciplinary action on a very unsatisfactory driver. 


g) Only in an unexpectedly small number of cases was 
there evidence of gradual improvement over a period of 
years (Fig. 11). 
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Record of a driver showing steady improvement over a period of 
six years 
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h) In the majority of the cases, once the initial quick 
learning period was over and the driver had attained his 
own individual level, he remained there and only very 
minor variations occurred in the pattern of his graph or 
in the cumulative average of the time interval between 
his accidents, as shown in his build-up sheet (see Fig. 8). 


i) Where a significant variation did occur in the 
pattern, indicating marked deterioration, this could usually 
be correlated with some definite cause such as ill health, 
domestic or other worries or his taking to drink. Fig. 12 
shows the deterioration in the record of a driver after his 
wife had run away (with his life’s savings) 
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Fig. 12 


The record of a good driver showing a significant deterioration 
caused by domestic worries 


}) A very interesting phenomenon was demonstrated in 
the control charts of men who had been transferred from 
one division to another and who had to adapt themselves 
to driving under different conditions. In each case the 
transfer was accompanied by a change in the level of the 
pattern of time intervals between accidents; but here again 
the individuality of each driver's specific accident potential 
was clearly demonstrated. In most cases the change in 
level was purely relative, e.g. a driver with a good tm (aver- 
age time interval) transferred from an easy division to a 
more difficult one would have shorter time intervals but 
the new level of his tw on the control chart would still be 
above the level of the median ts for the new division. In 
other cases, however, the control charts of transferred 
drivers would reveal either a significant improvement 
showing that this particular individual functioned better 
in this new division than in the old, or a significant de- 
terioration showing that he was unable to cope with the new 
conditions. Fig. 13 shows the significant fall in the 
level of the time intervals between accidents of a 
driver transferred from the Pretoria Division, where traffic 
conditions are relatively easy and where his tm was very 
satisfactory, to the Wynberg Division where, even by Wyn- 
berg standards, it was dangerously low. 
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Fig. 13 


Control chart showing the effect of an inter-divisional transfer on a 
driver unable to cope with more difficult traffic conditions 


k) Full 90 per cent of the drivers displayed accident 
patterns that were so consistent in themselves that, on the 
basis of a man’s past history, it was possible to predict 
what his future record would be like (predictions which 
have been borne out in practice during the three years 
since the system was first inaugurated ). 


Of the remaining 10 per cent, most of the changes in 
accident pattern had occurred because of some definite ex- 
plainable circumstances. There were, however, a small per- 
centage of the drivers whose records showed no particular 
pattern and fluctuated in a manner that made predictions 
of future behavior very difficult. Later experiences proved, 
however, that the very fact that these people did fluctuate 
meant that they were not good risks. In many cases it was 
found that these men were drinkers. 


1) Major or serious accidents were found to occur mostly 
in the records of the drivers with the short time intervals. 
Over a period of six years, during which time only 20 
per cent of the drivers displayed patterns of short time 
intervals, 60 per cent of the serious accidents (accidents 
stemming from reckless and dangerous driving) were 
caused by drivers in this category. 

m) The effects of age were clearly demonstrated by 
factors such as: 

1) The greater incidence of bad records and un- 
duly expensive learning-periods amongst the young 
drivers. (One young driver of 19 who had slipped 
in by falsifying his age had a learning period of 
two ‘years  £ 

2) Obvious deterioration among certain of the 
older drivers after the age of 50. 

These factors were so evident that the company’s 
regulations were altered; the age of admission for 
drivers was gradually raised from 21 to 26 and 
stricter checks were kept on the records of all 
the older men. 

It was, however, found that there was an ap- 
preciable difference between the accident liability 
of individual drivers of the same age. 

These observations were made on the study of the in- 
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dividual records of 898 drivers. They were later confirmed 
by an exhaustive statistical analysis of all the available 
data. (Details of this analysis will be given in the sta- 
tistical paper by Sichel.) 


The most significant aspect of the whole investigation 
was the proof it provided of the individuality of each 
driver's accident liability, and of the fact that this liability 
was so consistent that it was possible to predict what sort 
of an accident risk a man was likely to be in the future on 
the basis of his past behavior. 


THE PRACTICAL APPLICATION OF 
THIS PART OF THE RESEARCH PROJECT 


As one of the primary objects of the whole research 
project had been to find a sensitive and reliable method of 
assessing the accident liability of individual drivers, the 
success of the research study had important practical im- 
plications. It was possible now to maintain visual acci- 
dent records of all the company’s drivers and also to devise 
a method of grading them into various accident categories 
for the purpose of managerial control. Using the means 
and the range of the tms of the current drivers, it was pos- 
sible to set separate standards for the traffic conditions 
prevailing in each division and a system was devised for 
classifying the drivers into five categories in such a way 
that the relative meaning of each category was the same 
for each division. 

The following tables show the limits of the tms set for 
each division in order to obtain five accident categories: 


Range of tms 


Cniates 1 Average number of days between accidents) 
ateg ¢ 


Wynberg| Pretoria Martindale 


Kliptown 

A Excellent | 200 & ov.| 300 & ov. 250 & ov. 300 & ov. 
B Good 125 - 199] 175 - 299 | 150 - 249 5 - 299 
C Satisfactory, 75-124} 125-174 100-149 174 
D Poor 50- 74] 74-124 50- 99 124 
0- 49 O- 74 O- 49 74 


It will be noticed that the spread of tws is narrowest in 
Wynberg where the traffic conditions are very difficult and 
widest in the Pretoria and Kliptown Divisions where oper- 
ating conditions are much easier. 


Having established a basis for a classification system, 
consideration was given to the most productive ways in 
which this could be used. 


It was decided that a classification based purely on the 
cumulative average of the time intervals (tms) would be the 
most reliable criterion for such factors as follow-up studies 
on new driver selection. 


For operational purposes, however, it was felt that a 
more flexible assessment was necessary, i.e. one that would 
be more sensitive to any current trends, such as an improve- 
ment warranting recognition or a sudden deterioration need- 
ing immediate attention. An assessment such as this, al- 
though somewhat subjective, would be more useful for 


practical purposes as it would give a picture of each man’s 
liability at that particular moment. 


It was decided therefore to develop an operational classi- 
fication which could be based on a study of the trends, 
both of the build-up sheet and the control chart. If, for 
any reason, a man’s accident level was changing signifi- 
cantly, notice would have to be taken of that fact, even 
if the tm calculated over his whole exposure had not yet 
been sufficiently affected to bring him into a different 
statistical category. 


On this basis, a new procedure was evolved for bring- 
ing out six-monthly accident ratings for each division of the 
company. These ratings were prepared in the form of: 


1) schedules of all drivers in the various categories 


2) a summary of the numbers and percentages in each 
category to indicate the improvement or deterioration in 
the general position since the last six-monthly rating 


3) a detailed list of all drivers, giving their accident 
categories and also relevant comments about each one. 
Examples of these comments are given below: 


Company No. Name Category Comments 


Excellent. One of 
the best records in 
the division. 


168 Peter Mashodt A 


Good, but not as 
good as he used 
to be. Now 52 
years old. Watch. 


William Nkosi 


Moses Sibidi Satisfactory. 


John Mabasa Poor. Has had 
several accidents, 
recently including 
one major. Watch. 


A consistently bad 
record with no 
sign of improve- 
ment. Not worth 
retaining. 


Lawrence Moletsi 


Too new to class- 
ify but so far very 
unsatisfactory. Is 
having too many 
accidents and in 
addition has a bad 
disciplinary rec- 
ord. Not worth 
retaining. 


Silas Mokoena 


Too new to class- 
ify but so far un- 
satisfactory. Seems 
to have outgrown 
his learning pe- 
riod and to be 
settling down. 


Abraham Ditsi 


This system, though it took considerable work to 
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tablish, has been found very easy to maintain. The records 
are, in fact, kept up to date by one very competent African 
clerk. As a system, it has definite practical advantages. Its 
most important advantage is the rapidity with which it 
highlights the driver who is running into danger. Any 
older driver whose accident pattern suddenly changes or 
any new driver whose learning period seems to be proving 
unduly expensive is shown up before too much damage can 
be done. Immediate action can then be taken according to 
the individual circumstances. 


RESULTS OF THE PRACTICAL IMPLEMENTATION 
OF THE ACCIDENT RESEARCH PROJECT 


In assessing the improvement or deterioration in the 
general accident position of a transport company there are 
so many factors which might have a bearing on the situa- 
tion, and which should be taken into consideration, that it 
is virtually impossible to determine how much credit or 
blame can be attributed to any particular one. There are, 
for instance, such factors as alterations in managerial con- 
trol, changes in the standard of training, or intensified 
accident prevention campaigns. There is also the important 
question that if certain measures lead to the pinpointing 
of bad drivers and their consequent dismissal, these men 
have to be replaced by new drivers, and that the quality 
of these new men will have a marked effect on the general 
accident position. 

Note: In point of fact as stated before, the accident research 
project outlined in thts paper has run concurrently with 
a major research project on the selection of new driver 
intake by means of psychological tests. In the course 
of this psychological project, several new and somewhat 
revolutionary procedures were developed, particularly the 
use of personality tests such as ihe Thematic Apperception 
Test for driver selection. Tne use of personality tests 
for driver selection was based on psychological investiga- 
tions which established the important part played by per- 
sonality and tempera‘nent in accident causation, and also 
by the successful statistical validation of a specially de- 
signed African T.A.T. as an accident predictor. This 
investigation, the various personality and temperament 
tests used, and also the résults of selecting African bus 
drivers by this means, will be described in the third paper 
to be written by the present authors 

Whatever the contributory reasons, the fact remains that 
a marked improvement has occurred in the accident posi- 
tion of the company since this particular accident investi- 
gation was put into operation. 


In the Johannesburg area alone, where greater traffic 
25 


density has been accompanied by an increase of per 
cent in the accident rate of the motoring public over the 
last eight years, the company’s accident rate has shown 
a contrasting decrease of 38 per cent 


The following facts concerning the percentages of drivers 
in the various accident categories are also of interest: 


The standards for the new categories were originally set 
in 1956 on the basis of all the drivers on strength at the 
time. These standards placed 75 per cent of the current 
drivers in the C (satisfactory) or better categories, a rea- 
sonable working basis. 

However, before the new classification system could be 
put into routine operation, a good deal of statistical veri- 
fication was still necessary and it was nearly two years be- 


fore the first accident ratings were published for official use. 
During that time no significant change had taken place and 
the percentage of drivers in the satisfactory and better 
categories was found to be 78 per cent. 


Publication of the new accident ratings did not have any 
immediate effect. In fact they were met with the sort of 
suspicion that is so often accorded by branch management 
to head office innovations. However, the opposition died 
down when it became obvious how accurate the classifica- 
tion system was and how well it could predict each driver's 
future behavior. When the passing of time showed that a 
man who had been classified as an ‘A’ category driver 
continued to be relatively accident free while an ‘E’ category 
driver continued to be accident prone, the practical value 
of the system was recognized. The bad accident risks were 
eliminated and replaced by men of a better calibre, scientifi- 
cally selected. The result is that three years later, instead 
of the original 75 per cent, the company now has 93 per 
cent of its drivers in the satisfactory accident categories. 


It is apparent, therefore, that a marked improvement 
has occurred in the company’s accident position, particularly 
over the last few years. Whatever the contributory reasons 
for this state of affairs, there is no doubt that the new 
systems of recording the company’s accident position and of 
evaluating its individual drivers has proved very successful. 


DISCUSSION 


This particular investigation was confined to one trans- 
port company and one population, namely urbanized Afri- 
can bus drivers driving for a transport company in two 
South African cities. Nevertheless this statistical investi- 
gation carried out was a very extensive one: the number of 
subjects (nearly 900) was large; the length of exposure of 
many of the subjects was long and the records were kept in 
great detail. What is more, the patterns of accident be- 
havior that emerged were so consistent that it was justifiable 
to presume that they did not occur by chance, that they 
had definite statistical significance and that they could be 
representative of accident behavior in a far wider field, 


The present writers feel therefore that in view of the 
international importance of the problem of road accidents, 
it would be appropriate to conclude this paper with a dis- 
cussion on the implications of the findings of this par- 
ticular research project in the sphere of general accident pre- 
vention, particularly amongst professional drivers. 


In this study of a large group of professional drivers, all 
trained to a high degree of proficiency, all driving similar 
vehicles and all exposed to the same or equalized driving 
risks, the following significant facts emerged 


That the most reliable statistical indicator for measuring 
accident liability was the time intervals between successive 
accidents. 

That the frequency (meaning the number and the pattern 
of occurrence) of a man’s accidents was even more sig- 
nificant than the severity of the accidents or the degree of 
blameworthiness attributable to the driver. 

That in a great many cases a learning period, character- 
ized by relatively high accident frequency, was evident in 
the early stages of exposure (particularly among inex- 
perienced drivers). 
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That the duration and intensity of this learning period 
was different for each individual. 


That once this learning period was overcome, the rate 
of accident occurrence in each individual became remark- 
ably stable and that further slow learning through ex- 
perience was the exception rather than the rule. 


That this level of accident liability for each individual 
was so stable that reliable predictions of future accident 
behavior could be made on the basis of the evidence of 
past accident occurrences. 


That this stable level of accident liability was different 
for each individual 


That although factors such as age had a certain effect on 
accident liability, nevertheless there was a pronounced 
variation in the accident liability of individuals of the 


same age 


That in a significantly large number of individuals there 
was definite evidence of “accident proneness,’’ i.e. they 
showed a consistent pattern of frequent involvement in 
road accidents of one kind or another over a long period 
of time 


That with these accident-prone individuals, remedial 
measures such as periods of retraining or strong disciplinary 
uction had only a very temporary effect; the improvement, 
if any, was very brief and they soon reverted to the old 
pattern of frequent involvement 


That among the “non-prone’’ drivers—the men whose 

ords showed patterns of few accidents at relatively long 

- intervals—fluctuations in these patterns were rare and 

significant fluctuation could usually be traced to some 

fic reason such as drink, or severe psychological dis- 
or ill health, or advancing age 

ident occurrence among the group of drivers 


} 


as influenced by such emotional functions as worry, 


insecurity, or dissatisfaction with working con- 


gs have significant implications for com- 
professional drivers. They highlight the 
ident liability and the need for keeping 


nd for recording each driver as an 


past record of accident 
very good guide to his future behavior. In 


neans that because a man with a good past 


also that a man’s 


rd is unlikely to deteriorate, his services are valuable 

his good record should receive due recognition. But, 
more important still, it means that the man whose past 
record has been unsatisfactory is unlikely to improve, 
punishing him will have very little effect and retraining him 
means throwing good money after bad. The only practical 
way of insuring that he does not have accidents is to pre- 
vent him from driving 


The findings indicate too, that it is possible to detect a 
bad accident risk among professional drivers at a rela- 
The number of accidents (relative to 
exposure) in which a driver is involved has been shown to 
be so significant that any new driver who becomes too fre- 
quently involved in accidents, however trivial, should be 


tively early stage 


regarded as highly suspect. Although allowance must be 
made for a learning period, nevertheless any new driver 
whose “'teething stage’’ appears to be unduly long or ex- 
pensive is in all probability not worth keeping. 


On the other hand, any sudden deterioration on the part 
of a good driver is also very significant and can often be 
remedied by individual attention. It should not be regarded 
merely as a run of ‘bad luck’; it is probably symptomatic 
of personal or domestic problems, or ill health, or psycho- 
logical disorder, or dissatisfaction with his working con- 
ditions. 


When it comes to the question of employing professional 
drivers whose previous records are unknown, or of selecting 
inexperienced men for training as professional drivers, 
selection methods based on tests of intelligence and innate 
skill are unlikely to give any real indication of future 
accident liability. Accident liability appears to be some- 
thing so innate in the individual that it is reasonable to 
presume that it is dictated by the interplay of those func- 
tions that make him an individual and distinguish him 
from other individuals, The only selection precedures, 
therefore, which are likely to prove successful are those 
which are comprehensive enough to assess his physical 
capabilities in relation to such psychological functions as 
emotional stability, outlook, personality and temperament. 


With regard to the application of the findings of this 
investigation to the general motoring public the present 
writers appreciate only too well the obvious practical diff- 
culties involved, but feel nevertheless that they do pro- 
vide food for thought in the planning of safety campaigns. 
They are particularly relevant to the subject of the issu- 
ing or retention of driving licenses, for it would appear 
that the findings provide even further proof of the fact 
that certain people are such inherently bad accident risks 
that they should not be allowed to drive. 


However, at present it is usually difficult to stop them 
from doing so. The case of the transport company in 
which this investigation was carried out is an illustration 
in point. This particular company was able to identify the 
bad accident risks among its drivers and to make a sub- 
stantial reduction in its own accident rate by refusing to em- 
ploy these men. But it could take no action whatever 
about preventing these men from driving elsewhere. Most 
of them are, in fact, driving privately or for some other 
firm and are continuing to be a danger to the community. 


Individual action is not enough. Action on the part of 
a higher authority is needed. 


The present writers feel that the question of road acci- 
dents is assuming such alarming proportions throughout 
the world that it is becoming increasingly necessary to 
approach the problem at a level where not only can ade- 
quate funds be made available for research on a large scale, 
but practical effect can be given to the findings of this 
research 


Readers of the RESEARCH REVIEW are invited to submit 
letters to the editor commenting on articles appearing in 
this journal. When it is appropriate, copies of such letters 
will be forwarded to authors for reply. The original letter 
and the reply will then be published in the issue following. 
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INFORMATION REQUEST FOR TRAFFIC SAFETY RESEARCH 
CORRELATION SERVICE AND ANNUAL LISTING 


As a service to researchers and officials in the traffic gaged in or utilizing safety research and are forwarded 
safety field, the Research Division of the National Safety to investigators who request such information. 
Council maintains a file of abstracts of contemplated, in In order to keep the files current, it would be appreciated 
process and completed highway safety research projects. if readers of the RESEARCH REVIEW would fill out the form 
The March issue of the RESEARCH REVIEW contains a listing on this page and send it to: Murray Blumenthal, Ph.D., 
of such projects for the current year. Director, Research Division, National Safety Council, 425 
Summaries of projects are exchanged with agencies en- N. Michigan Ave., Chicago 11, IIl. 


(For reproduction purposes—please type, or write legibly in pencil.) 


Title of Project 


Status of Project: Completed In-Process Contemplated 


Beginning Date Completion Date: 


Princ ipal Investigator(s ) Official Title Department 


Name and Address of Organization 


Summary of Research Project (200 words or less): 


Please state the problem under investigation, major hypotheses, the number, location and characteristics of the subjects, the 
methods of investigation, and results and conclusions or expected outcomes. (If more space is needed, continue on a blank 
sheet of paper. ) 


Publication Reference(s) and/or Plans: (If copies of completed report are or will be available to professional public, please 


mention. ) 


Submitted by Organization 
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Metropolitan Life Award 


For Research in Accident Prevention 


The National Safety Council takes pleasure in announcing the selection of 
J. Stannard Baker as the recipient of the Metropolitan Life Award for 
Research in Accident Prevention. Baker is director of Research and Develop- 
ment for the Traffic Institute of Northwestern University, Evanston, III. 

The award was given for Baker's work on a study which was a pioneering 
attempt to employ an interdisciplinary team in the intensive study of motor 
vehicle accidents. The project was supported by U. S. Public Health Service, 
U. S. Bureau of Public Roads and the Automotive Safety Foundation. 

A plaque and a check for $1,000 was presented to Baker by Dr. George M. 
Wheatley, 3rd vice president of the Metropolitan Life Insurance Co., at the 
annual meeting of the National Safety Council held in Chicago Oct. 16, 1961. 
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Case Studies of Traffic Accidents 


PROBLEM 

Accident reports from drivers and police now supply 
sufficient circumstantial data to guide the administrative 
phases of traffic accident prevention, but for technical 
phases we need to know much more about causes than 
is available from these official reports. Drivers, con- 
sciously or unconsciously, are biased in what they report 
because of their interest in possible attempts to fix re- 
sponsibility, and police gain most of their information from 
drivers. Road conditions, such as icy streets, are regu- 
larly reported as circumstances without evaluating their 
contribution to the accident. Driver and vehicle condi- 
tions, however, have been so poorly reported that the 
national standard specifications for report forms no longer 
require this information. 

Because an accident must be studied ex post facto, what 
is known about its cause is someone’s conclusion. Known 
circumstances are interpreted by the investigator in terms 
of his knowledge of scientific principles. Neither the knowl- 
edge of drivers and police nor the circumstances under 
which they report lead us to expect their conclusions to 
be reliable. The main problem therefore was how to learn 
more about causes from studying accidents. This en- 
genders relevant subproblems such as: 

Can an interdisciplinary team invent methods of data 
collection and interpretation that are more effective than 
those developed for enforcement purposes ? 

What observations are necessary and what are the prob- 
lems involved in making these observations ? 

Just what is one seeking when he tries to determine 
cause and how many different contributing circumstances 
might one have to look for? 

What are the limitations and obstacles to determining 
accurately how an accident happened ? 

As a by-product of answering these essentially meth- 
odological questions, what causes appear when the acci- 
dents experimentally studied are “dissected” by such in- 
tensive investigation, even though the number of such 
cases is not large. 

If the main question were to be expressed as a formal 
hypothesis, it would be as follows: an interdisciplinary 
approach by technically trained people can develop reliable, 
causal information about accidents by ex post facto study. 


METHODS 

The problem was attacked simultaneously from several 
angles. 

1. In the hope that a “break-through” in methodology 
might result from a fresh look at accidents, an inter- 
disciplinary team of an engineer, a physician, and a be- 
havioral scientist—at first a psychologist and later a soci- 
ologist — was formed. To avoid “contamination” by 
conventional dogma, they were recruited from outside the 
traffic safety field and purposely shielded from published 
material and courses in accident investigation at the Traffic 
Institute. Arrangements were then made with the Evanston, 
Ill., Police Department to summon the team to the scenes 
of accidents as soon as possible after their occurrence. If 
individuals involved in an accident agreed to cooperate and 
if the accident did not involve commercial vehicles or 


certain other unfavorable circumstances, the team began to 
ask questions and. make observations. Later there were 
detailed measurements of the road, inspection of traffic 
control devices, physical examination and_ psychological 
testing of drivers or pedestrians, interviews, and partial 
disassembly of the cars. There was no limit to the time 
that could be spent on a case. After data gathering was 
complete, members of the team formed independent opin- 
ions regarding the contributing conditions. Later, in con- 
ference, they combined their ideas. 

Three series of cases were studied. During the two in- 
tervening periods, a set of 20 new data-gathering forms 
were devised, time-space diagrams were introduced as a 
technique of accident reconstruction, and plans were de- 
veloped to give more attention during interviews to cir- 
cumstances of the accidents. Altogether 68 subjects were 
studied in 51 accidents all in Evanston, Ill. These 
accidents reasonably represented those in the community. 

It was planned to apply the new methods of cause 
analysis, which were developed during the project, to a 
longer series of cases, but the work had to be discontinued 
before this could be done. 

Although it was not an approach to the solution of 
the main problem and the sample was small, the ‘‘de- 
rived accident factors’” for cases studied were tabulated 
to show what and how many were found. 

2. Another approach to the problem was carried on 
independently by others connected with the project, using 
data from cases investigated as part of the study material. 
This approach comprised an analysis of the principal pub- 
lished concepts of traffic accident causation to determine 
what they had in common and compilation of an “Inven- 
tory of Factors Suggested as Contributing to Accidents.” 
The purpose of this work was to develop a classification 
system which could be used to guide systematic analysis 
of an accident to determine its contributing factors, and 
a list of factors which might be encountered in studying 
accidents, 

3. Another approach to the problem was aimed at dis- 
covering something about why the most critical step in 
identifying the cause of an accident often goes wrong. 
This step is the drawing of conclusions from available 
data. Two studies were made for this purpose. First, the 
work methods not only of the team but also of profes- 
sional investigators for police and insurance companies 
was studied by the project director. Second, a carefully 
designed and controlled experiment was made in which 
1,214 people of seven levels of technical competence 
from club women to traffic engineers—were given facts 
about a simple head-on collision and asked to determine 
which car was at fault. The information supplied was 
varied by inclusion or exclusion of irrelevant information 
of a psychological character (description of occupants of 
the cars) and of a physical nature (emphasizing a scratch 
on the road left by the collision) which gave different 
forms of presentation. The results were subjected to analy- 
sis of variance to determine the effect of the irrelevant 
information on opinion formation, With some technical 
groups the experiment was extended by giving longer 
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time to study the case, and second, giving a different set 
of instructions. 


RESULTS 

1. The interdisciplinary approach encountered unex- 
pected difficulties in securing prompt joint activity by the 
physician, engineer, and social scientist. The very different 
backgrounds of their disciplines seemed to stand in the 
way of coordinated attack on a common problem. Initia!'y, 
the team members insisted on each investigating all as- 
pects independently. More than a year elapsed before mem- 
bers of the team successfully focused their disciplines on 
case studies rather than applying case studies to their 
disciplines. Furthermore, the physician and engineer both 
found available techniques adequate to evaluate the road, 
the car, and the physical condition of the subjects. But 
both behavioral scientists sought tests for the slight vari- 
ations of personality that might make a difference between 
accident and no accident. They wanted to take time out 
to develop new instruments for this purpose. Several such 
tests were, indeed, attempted. 

Unquestionably the team was able to analyze accidents 
for causes more fruitfully than had been done hitherto 
The analysis was much more complete than could ;ossibly 
be done by police without extensive training. Pit the 
cost, about $900 per case, and the fact that scientists 
would not relish such a data collecting job for an ex- 
tended period, suggest that this is not a practical way to 
study the tens of thousands of cases necessary to evaluate 
almost a thousand recognized potential accident factors. 

The fresh approach yielded extensions and refinements 
of data collection and interpretation rather than any break- 
through in accident study methods. 

Analysis of the accidents studied resulted in tabula- 
tion of the condition factors contributing. Among the 68 
subjects studied a total of 289 contributing conditions 
were identified, an average of 4.3 factors per case. Every 
ase had at least one factor, some had as many as ten. Of 
these derived accident factors, 102 related to the road, 24 
to the vehicle, 117 to the driver or pedestrian, and 40 to 
the social situation. Of these conditions, were stable 
attributes and 212 were variable modifiers. The number 
of factors would have been greater had the same tech- 
niques for cause analysis developed during .the project 
been available from the beginning. 

2. The analysis of theories of accident causation 
ombined with the practical requirements of accident in- 
vestigation, resulted in an operational classification of con- 
tributing factors based on failure of the trafficway-vehicle- 
person road-transportation system. A factor was defined as 
a circumstance which is necessary for the accident to oc- 
ur but not sufficient by itself to produce an accident. 
The cause was defined as the combination of necessary 
factors sufficient to produce an accident. Two kinds of 
factors were recognized: operational and condition. Op- 
erational factors act at three distinct sequential levels: 
evasive action in the face of actual hazard such as a col- 
lision course; strategy relative to potential hazard to make 
successful evasive action possible, and trip preparation 
which provides the basis for appropriate strategy. In each 
level are three sequential action phases: perceiving the 
situation; decision as to action required, and performance. 
A failure at any point in this system is the key to an 
operational factor. Such failure may then be explained 


by the other kind of factor, conditions. Condition fac- 
tors are basic attributes of the vehicle, the road, and the 
person involved. Such attributes may be suddenly or 
gradually and also temporarily or permanently altered by 
any one of many modifiers. This system concept for the 
first time provides a universal classification to accommodate 
all kinds of factors. It also brings to cause analysis a 
discipline which forces the investigator rigorously to con- 
nect observed system deficiencies with the behavior implied 
by the results of the accident in a cause and effect rela- 
tionship. 

The inventory of factors classified in this manner lists 
more than 850 operation failures and conditions believed 
to contribute to traffic accidents. The list could easily be 
extended. Innumerable combinations of these factors could 
cause accidents. Approximately 130 of the condition fac- 
tors were added to the list by the case studies. Most of 
the others came from published sources. 

3. The experiment to discover “Sources of Error in 
Deciding How a Traffic Accident Happened’ was the 
only part of the research adapted to a rigorous scientific 
experimental approach. The hypothesis that technically 
trained people such as engineers, and experienced in- 
vestigators such as insurance adjusters and police, would 
be more successful in concluding how an accident oc- 
curred was not supported. With or without irrelevant 
data, these subjects did not do significantly better than 
housewives or college girls. Only 54 per cent of all of 
those given the problem without irrelevant data came to 
the correct conclusion. Emphasizing the irrelevant physical 
data (scratch in the pavement) reduced the correct con- 
clusion significantly from 54 to 34 per cent. Describing 
the occupants also made a difference. With the juveniles 
in the car at fault, 59 per cent of the replies were cor- 
rect. When they were in the other car, only 44 per cent 
were correct. An analysis of variance of these data indi- 
cated the statistical significance of the findings. It was 
also found that, among professional investigators, more 
time to work on the problem gave a significantly higher 
proportion of correct solutions, and that the manner in 
which the subject was instructed also had an effect. 

A special analysis was prepared on “Limitations of 
Accident Reconstruction.” This is a guide for people 
attempting to infer from available data how an accident 
occurred by applying principles of dynamics or other sci- 
ences. It specifies the conditions which limit reliability 
of conclusions and describes approaches to evaluating this 
reliability. 

DISCUSSION 

The ‘experience reported with the fresh look and the 
interdisciplinary approach is, of course, based on the ex- 
periment with only one team. Different experience might 
result under other circumstances. However, it seems clear 
that such teams are not practical for collecting the great 
masses of data required for a full understanding of ac- 
cident causes. It might be practicable to have specially 
trained police officers gather data for interpretation by 
specially trained scientists, especially if study were focused 
on a limited number of factors. 

The operational concept of accident causation should 
prove very useful in any systematic study of accident causes, 
especially a study with a clinical gong Its use would 
unquestionably make requirements for data collection more 
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exacting and would require much more rigorous think- 
ing in drawing conclusions concerning causes. 

The study on sources of error in determining how an 
accident happened points clearly to the need for special 
training of any persons who propose to undertake clinical 
studies of accidents to determine causes. Furthermore, it 
has important implications with respect to the degree of 
adequacy of our judicial system for determining negligence 
in accident cases. This experiment indicates that often 
juries will not have the necessary technical background to 
draw proper inferences from evidence presented to them. 

Fewer than 100 cases constitute no basis for evaluating 
the importance of almost a thousand factors which are 
thought to contribute to accidents. However, these cases 
do give new insight into some aspects of accidents, for 
example, the extreme importance of inference by drivers 
about what other road users will do, the difficulties drivers 
face of coping with competing hazards, the very slight 
deficiencies of the elements of the highway transportation 
system which will be enough, in combination with other 
variables, to make the difference between having and not 
having an accident. 


SUMMARY 

Ptcly*, official accident reports from drivers and police 
contain almost no reliable information about accident 
causes. The problem in this pilot study therefore was to 
find out what might be learned about causes by more 
intensive and scientific study of accidents. 

A team consisting of an engineer, a physician, and a 
behavioral scientist went to accident scenes minutes after 
the occurrence and later spent days in examining car, 
driver and road. Concurrently, other research people de- 
—- an operational concept of accident causation and 
conducted an experiment on 1,241 subjects to determine 
the effect of certain irrelevant information on conclusions 
about causes. 

The interdisciplinary team studied 68 subjects in 51 
accidents and identified a total of 289 contributing car, 
driver, and road conditions, or 4.3 conditions per case. 
They developed a set of 20 data-collecting forms and 
short-cut methods for preparing time-space diagrams for 
accidents. But an interdisciplinary team was considered 
too expensive to be practical for long term study of the 
thousands of factors thought to contribute to accidents. 
The need for investigator training was emphatically in- 
dicated by the fact that technically trained people were 
not significantly more successful than laymen in determin- 
ing who was at fault in a head-on collision for which 
adequate data for determining fault were supplied to the 
subjects tested. However, irrelevant data relating to the 
results of the accident and occupants of the vehicles did 
have a statistically significant effect on conclusions relating 
to how the accident occurred. 

The results of this study should be useful as both a 
practical and a theoretical guide to the future development 
of accident studies for accident prevention purposes, 


ADDENDUM 


Recommendations 

Although recommendations are not, strictly speaking, 
within the purview of a report on research, they are ap- 
propriate for a pilot study. Therefore, the following brief 
suggestions are made with respect to future efforts to 
gather more information about how and why accidents 


happen. These suggestions are limited to what seem prac- 
tical at present rather than what might be ultimately de- 
sirable. 

1. On accident report forms police and drivers should 
not be asked to state a “‘cause’’ even in terms of law viola- 
tions, only facts should be recorded: Drivers are naturally 
biased but police will sincerely attempt to report opinions. 
However, with their very limited scientific training, police 
tend to name some law violation as the cause, accepting 
that which is a stereotype for obvious circumstances. For 
example, rear-end collisions with both cars moving are 
nearly always “‘caused’’ by following too closely even when 
the rear driver fell asleep. These stereotypes may obscure 
real combinations of contributing factors. In other words, 
police tend to report common expressions for the symptoms 
of accidents rather than diagnoses of the causes. Tabula- 
tion of such superficial conclusions tends to sanction them 
and so perpetuate misconceptions. 

2. Encourage development and tests of measures suf- 
ficiently sensitive to show whether and to what degree 
specific skills, attitudes, and emotions are likely to have 
contributed to an accident involving certain observable 
circumstances. Whereas careful examination of the car 
and road will usually reveal deficiencies which could have 
contributed to an accident, available methods of examining 
drivers for other than physiological conditions are less 
likely to do so. Developing such psychometrics may be 
difficult, but the need for greatly improved techniques for 
this purpose is vital. Without them it will be difficult to 
determine whether such personality traits are important or 
unimportant contributors to accidents. 

3. Institute a program in which a number of agencies 
already having first hand access to accident information 
(for example, police and insurance claims adjusters) par- 
ticipate in a series of studies of selected accidents such as, 
those involving tire failure, rear-end collisions, and run- 
ning off the road on curves. A program of this kind 
would involve a minimum amount of training for both 
those who collect the data and those who study it. To 
be effective this should be a program as contrasted to a 
project to enable those participating to develop insight 
with continuing experience and to apply such insight in 
subsequent accident studies. 

i. Consider development of a supplementary report to 
be used by selected investigators to gather factual data on 
a random sample of accidents visited (for example, every 
tenth accident). Such data would supply, without exces- 
sive cost, supplementary material for statistical study. This 
supplementary data might include information such as the 
nature of the trip, kind of road, more precise description 
of the vehicle, land use in the vicinity or severity of the 
accident, and some systematic record of the recollection of 
the driver involved regarding his discovery of the hazard 
and the action which he took. Such information would be 
used in driver training and education to mold proper at- 
titudes toward the driving situation. 

To summarize, in studying accidents there are a large 
number of possible factors to be considered. Securing 
precise and complete information after the event is difficult. 
Therefore, drawing conclusions about the complete com- 
bination of contributing factors to an individual accident 
is such exacting work that it probably would not be profit- 
able until people are available who have had highly spe- 
ialized training for the task. 
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The significance of the roadside in the highway safety 
problem is apparent from the National Safety Council's 
statistics. Year after year, between 30 per cent and 35 per 
cent of the highway fatalities—12,000 to 13,000—in the 
country occur in non-collision accidents, most of which 
involve vehicles leaving the roadway. 


This factor is second only to the two-vehicle collision as 
the most important and deadly. A great deal of engineer- 
ing design effort is being devoted constructively to reduction 
and elimination of the two-car collision. The divided high- 
ways of the Interstate System, the turnpikes and the express- 
ways, grade separations, one-way streets, and signal installa- 
tions and stop signs on intersections at grade are all at- 
tempts to eliminate this type of accident. Intensive driver 
training, public educational and enforcement programs are 
corresponding efforts in other fields 


In the policies on geometric design of the Interstate 
System, recognition is given to the importance of roadside 
hazards by the adoption of enlightened standards of road- 
side design with respect to slope, ditch cross-sections, and 
elimination of obstacles. In reconstruction and moderniza- 
tion of existing roads, some attention is given to this 
problem, but one cannot help but feel that the minimum 
standards are applied all too frequently in construction of 
portions of the Interstate System; one cannot help but feel 
that too little emphasis is given to the elimination of road- 
side hazards on primary and secondary and rural roads, 
even when they are being reconstructed. 


It is the intention of this paper to discuss the problem 
in general and to give a number of specific examples of 


Originally presented in full at the 39th annual meeting of the 
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roadside hazards drawn in a large part from experience 
with the proving ground road system. It is the further in- 
tention to discuss some research results from which specific 
design criteria for roadside slopes and ditches are derived. 
The stability factors of passenger cars are related to ob- 
served roadside characteristics, especially with respect to 
the slope of roadsides and the coefficient of friction of the 
roadside surfaces. Some discussion is given to the hazards 
involved in conventional light poles and sign posts, with 
suggestions as to how this type of hazard may be reduced 
or eliminated. In addition, further observations on full- 
scale guardrail impact tests are given to supplement earlier 
publications on this subject. Particular emphasis is_ given 
to guardrail end installations. 


Some of the examples of roadside hazards have been dis- 
cussed previously; they are repeated here as background 
and to give appropriate emphasis to the problem.* * 


Today the proving ground road system includes about 
62 miles of all types of surfaces common to those of the 
public highway; portions of this system with the highest 
trafic volume were completed by the middle 1930's. Dur- 
ing the past 35 years, over 200 million test miles have been 
operated, and the current rate is about 40,000 miles a day, 
or 10 million miles per year. 


At the proving ground the normal standards of shop 
safety have always been employed. Thirty-five years ago, 
the attitude about industrial accidents, quite generally, was 
that accidents were something which would happen, and 
that we had to learn to live with them. The industrial 
safety engineer has shown that is not so. He _ has 
shown that accidents are preventable, and that accidents 
in the plant usually come about because of some human 
malfunction. Recognizing that, while accidents are pre- 
ventable, some will not be prevented, he provides all safe- 
guards he can imagine for all types of carelessness and 
inattentiveness which people may show so that the effect 
of an accident may be minimized. When, a few short 
years ago, we began to apply the concepts of the industrial 
safety engineer in our consideration of the proving ground 
safety program, it became evident that the most serious 
potential hazards lie in the operation of our vehicles on our 
road system, because both the masses and the speeds of 
cars exceed those of any of the other machines with which 
we work. : 


Generally speaking, the proving ground road system was 
quite well developed 20 years ago. In construction, the de- 
sign standards which prevailed generally at the time of 
construction were used, and our practices were comparable 
with those of the state highway departments. The basic 
elements of highway safety were considered with admirable 
foresight in the design of the road system at the estab- 
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lishment of the proving ground, and one-way traffic, lim- 
ited access, and avoidance of intersections of main test 
roads at grade has always been the policy. Thus, the basic 
design of the system avoided many of the types of accident 
which are now causing such great concern in the public 
transportation system. At the time, this approach was 
unique in its enlightenment and progressiveness. 


As we reviewed our accident statistics, we found that, 
during the six calendar years 1953-1958, inclusive, cov- 
ering approximately 65 million test miles, there was a 
total of 236 accidents, of which 72 per cent were off-the- 
road. 


Our first and most obvious concern was to determine 
the reasons why drivers left the road. In many cases, the 
driver went to sleep. In other cases, he was obviously 
inattentive. Educational programs were undertaken, repri- 
mands were given, and in the more flagrant cases, drivers 
were discharged. 


In spite of all of this, it became evident that drivers 
do leave the road, infrequently, it is true, but all too often, 
simply because they are people, and suffer normal human 
fallibility. 

A further consideration led to the conclusion that it was 
not possible to keep all drivers on the paved surface all 
the time. One of the fundamental principles of safety 
engineering is to anticipate every possible type of accident 
which may occur because of machine failure or human 
failure and then to establish safeguards to minimize the 
hazards or injury which — result when such a failure 
occurs. When we looked our road system from the 
same point of view, we were considerably disturbed to 
find that design standards provided little or no safeguard 
in the event that there should be a failure of some type. 
Our predecessors had pioneered in safety engineering by 
taking fundamental steps to avoid accidents, but they did 
not apply the second concept of the industrial safety engi- 
neer, to provide all safeguards in the event that an accident 
occurred because of human fallibility. 


When we realized that our roadside design did not in- 
corporate the safety features common to our machine shop, 
garage and maintenance tools, we sought to make amends 
at the earliest possible time by using the experience of 
other people. We made immediate comparisons with public 
highways in the adjacent area; we found that the public 
highway system repe: ated most of the shortcomings of our 
own road system. We looked at highway construction in 
other states, at the turnpikes, even the newest components 
of the Interstate System, and we found even there a lack 
of safeguards which would not be tolerated in any modern 
industrial operation. Almost every mile on any of these 
roads has one or more places where the occupants would 
suffer serious or fatal injury if the vehicle left the road 
at normal highway speeds. 


An approach to the problem of safe roadside design 
from the attitude of the industrial safety engineer became 
our primary interest in providing the proper safeguards to 
our employes operating on our own road system. Every 
roadway accident includes as factors the driver, the vehicle, 
and the highway; and these factors were considered prop- 
erly in Our approach to our problem. 


. 


Our drivers are adult males in good health; they are 
selected on the basis of average or above competence and 
on the characteristics of desirability in an employe; they 
are all qualified drivers with several years of experience in 
normal highway driving; and it is fair to assume that they 
compare with the upper strata of drivers in the traffic 
stream on the basis of these characteristics. They drive on 
a closed road system with favorable geometry, relatively 
low traffic volumes, controlled access, one- way operation, 
and under relatively close supervision. Extensive training 
and educational programs have been conducted. Our minds 
are not closed to the possibility of more effective ways of 
improving driver performance; we have exhausted the ob- 
vious solutions and we have tried some which are not 
obvious. In spite of this, during the last six calendar years, 
we have had 170 off-the-road accidents. 


The business at the proving ground is the dev elopment 
of automobiles. We are familiar with the scrupulous at- 
tention given to safety in design and manufacture, and 
we are confident that the current automobiles well main- 
tained are practically free from hazardous failures in 
service. 


Our confidence in the quality of the vehicles and our 
experience with the fallibility of the drivers left us with 
the firm conviction that the major deficiency in our effort 
to eliminate accidents was the failure to devote sufficient 
attention to the road itself. In our case, the concept of the 
original trathc pattern practically eliminated two-vehicle 
ollisions and confined the problem almost entirely to the 
roadside. 


COMMON ROADSIDE HAZARDS 


When one adopts the safety engineer's attitude and 
concepts, the most dangerous situation perceived imme- 
diately is that of obstacles adjacent to the road, that is, 
lose enough to the traveled surface so that the driver who 
has lost control of his vehicle temporarily will strike the 
obstacle before he has an opportunity to regain control 
On our road system, and on nearby public highways, the 
most obvious obstacles are trees. Trees are desirable and 
beautiful, and in the early days of the proving ground, 
we frequently modified the alignment so that a large, 
beautiful oak might be saved. However, a review of any 
newspaper shows that trees contribute almost every day 
to the statistics of injury and death. 


Trees have played a part in the more serious proving 
ground accidents. The severity of an impact at normal 
speeds is indicated in Figure 1. This car was driven by 
remote control into the tree at 35 m.p.h.; it was damaged 
s¢ riously and it Was evident to anyone who witnessed 
the accident that occupants of the car would have been 
seriously injured and probably killed. To the safety engi- 
neer, the immediate conclusion is that trees close to the 
roadside must be eliminated systematically. Fortunately, 
with modern equipment this is practical and relatively 
inexpensive. After the trees are removed and the roadside 
smoothed with a grader, no possibility of serious accident 
n this area remains. 


This situation has its direct counterpart in the public 
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Figure 1—35 m.p.h. car-tree impact by remote control 
highway system; on some major highways of relatively 
modern design, there are trees so close to the road as to 
be lethal obstacles, and in fact, on some of the newest 
highways, small trees are being planted as part of the 
landscaping program. As a result, in all too few years, 
the small trees will grow into big ones; significant hazards 
being cultivated immediately adjacent to the edge of the 


roaa 


Beauty is possible without large trees, or with trees well 
in the background: in exceptional cases, well designed 
guard-rail installations may be used if speed is well 
regulated 

iny of our city streets and even some of our rural 
are man-made obstacles in the form of 
light poles immediately adjacent to the 

e signs to guide the traveler. 
Conventional light poles are self-supporting structures 
erected om a concrete base and designed to 
ithstand winds of hurricane velocity. Unfortunately, they 
become roadside obstacles of important dimensions. As 


ompromise, we have proposed use of a tripod struc- 


re constructed of light tubular material with shear mounts 


This design was evaluated in a full-scale test. Figure 
shows three frames from the motion picture record of this 
The car passed through beneath the pole with negli 
gible impact and only superficial damage; one leg, whip- 


ping during the collision would have injured occupants 


, 
yf a convertible, but the design can be modified to 
ontrol this 

Standard roadside signs, mounted at 42 in, above the 
pavement, are also a hazard. In a collision at 40 m.p.h. 

sign of this type pierces the windshield partially and 
showers the front passenger compartment with glass. At 
higher speeds, the sign would not drop so far and 
occupants would find themselves running into a 25 lb. 
sign at whatever speed the car was traveling. 

When the sign is mounted at 60 in., the car passes 
beneath harmlessly. Roadsigns at the proving ground are 
being relocated at 66 in 


Figure 2—Full scale test of low-impact pole 


DITCHES 


In all parts of the United States, it is necessary to pro- 
vide some type of drainage system along the road to carry 
off surface water. These ditches are effective for carrying 
off the water but they may present a very serious hazard. 


Figure 3 shows a typical situation on many miles of 
rural road; it doesn’t take a safety engineer to recognize 
the seriousness of the inevitable accident when some 
driver becomes inattentive or falls asleep and leaves the 
road at this point. 


Unfortunately, these practices are carried over to new 
roads; sharp V-ditches are still being graded almost im- 
mediately adjacent to the traveled path of roads being 
built according to the Interstate System’s standards 

In some cases, careless inspection procedures or lack 
of detail in construction leaves a mound unnecessarily 
On rural roads, additional right-of-way must be procured 
or agreements with the abutting landowners made to 
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abolish such ditches and banks. However, on portions of 
a modern road system where adequate right-of-way is 
available, such construction is intolerable to the safety 
engineer. 


Figure 3—Typical ditch on secondary road. 


The severity of ditch impacts is indicated by Figure 4, 
which shows a remotely controlled car driven off a road 
through a ditch with a 2:1 backslope. The car was se- 
verely damaged, and it is evident that the occupants would 
have suffered serious injury, at least. 


Ep 
® 


Figure 4—Impact test, ditch with 2:1 backslope 


Figure 5 shows a much milder degree of severity when 
the backslope is 4:1, in this case, the car climbed the 
bank with a rather minor impact, and the injury and 
damage would have been negligible. 


The desirability of ditches with flat bottoms and smooth 
contours and flat slopes has been discussed before but 
no design criteria have been given. Some preliminary ex- 
perimentation showed that a car could be driven through 
a flat ditch with a wide rounded bottom at 60 m.p.h, with 
ease and comfort. 


Figure 5—Impact test, ditch with 4:1 backslope 


DITCH TESTS 


In the test above, it was not clear whether the value 
of the slope and backslope, the width of the ditch bottom, 
or the depth of the ditch contributed most significantly 
to the severity of operation. We made a series of tests 
to evaluate the severity of crossing a ditch as a function 
of speed and ditch cross-section elements. In the initial 
series of tests, a ditch was dug in conformity with the 
Michigan State Highway Department standards for a me- 
dian ditch on a divided road. Cars were driven through 
the ditch at moderate speeds; the driver noted the sub- 
jective severity as speed was increased and measurements 
of ‘‘vertical’’ accelerations were made so that the numeri- 
cal values could be correlated with the driver's sensations 
up to the point where the operation became so severe it 
was unsafe. Remotely controlled tests were continued at 
increasing speeds through the point of minor to severe 
damage to the automobile; by extrapolation some estimate 
may be made of where serious or fatal injury may be 
produc ed. 


Intuition suggests that a ditch cross-section should be 
of some curved form to minimize impact; as the suspension 
system deflects under impact, the unsprung mass of the 
ar will follow a curved path. If the transition from the 
side slope to the bottom of the ditch is gentle enough that 
the bumper does not dig in, the unsprung weight and 
the sprung mass of the car should have a continuous, 
urvilinear motion. The simplest to consider would be 
i circular motion as indicated schematically in Figure 6. 


If the ditch cross-section is circular with radius r, the 


PATH OF 
CENTER OF GRAVITY 
ROADWAY 


SIDE SLOPE 
DITCH BOTTOM 


Figure 6—Schematic path of car center of gravity through ditch 
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projection on the path at which the car may run through 
the ditch becomes elliptical in form; the path will make 
some angle with the axis of the road, possibly up to ti 
20° or more. The projection of a circular cross-section pie agsseas 


on a path at angle of 90°—¢ from the axis of the road pean 8 adh nom 


has this mathematical form: icing stellata 
Y-AXIS PERPENDICULAR 
TO PLANE OF ROADWAY 
(VERTICAL) 





t2 y? 


r?/cos*d r? 





which is an ellipse in the y-t plane, with major axis 
r/cosd, minor axis—r, where 90°—¢ angle between 
path of car and axis of ditch. Figures 7 and 8 indicate 
how this projection is made. With a given ditch cross-section, the radius of curva- 
ture may be estimated graphically, and with the speed 
arbitrary, the value of the radical acceleration can be 
computed. 


Figure 8—Projection of circular cross section on car path through ditch. 


In order to verify the analysis and to develop values 
PLAN VIEW of radical acceleration or severity which could be tol- 
erated, three test ditch sections were constructed as 
shown in Figure 9. Two sections with a 4:1 slope are 
taken from the Michigan State Highway Department 
PERPENDICULAR TO ROADWAY standards for a median ditch; these have ditch slopes 
of 4:1 with varying width of the bottom and varying 
depth to provide longitudinal drainage. Section 3 has 
MORAR an the slope and backslope of 6:1 and the depth varying 

Figure 7—Plon and section, ditch test from 414 to 434 ft., with an 8 ft. wide bottom. 
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Figure 9—Test ditch cross sections 
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Typical values of the normal or vertical accelerations 
were computed from the test sections of 6:1 slope which 
are shown in Figure 10. 








NORMAL ACCELERATION-g's 





30 40 
CAR SPEED-MPH 


Figure 10—Normal (‘‘vertical’’) acceleration computed for Ditch Section 
3 with 6:1 slopes and an 8-ft. bottom. 


The tests were conducted by laying out angles be- 
tween the car path and axis of the ditch of 10°, 15°, 
and 20° and by driving the car through the ditch at 
increasing increments of speed. During each test, re- 
cordings were made of the normal acceleration, and the 
driver's opinion of the severity was noted. Tests were 
conducted up to the point of extreme discomfort, and 
an estimate was made of the tolerable value of normal 
acceleration. It should be noted here that considerable 
training was involved and the test engineer developed 
a considerable resistance to this type of operation. This 
is an experience of considerable severity at the higher 
speeds, and it may be anticipated that the unwary driver 
will suffer severe psychological damage before he suf- 
fers physical injury. Because of his natural alarm, he is 
apt to lose control of the car and precipitate an even 
more serious accident. 


After the practical limit of driver tolerances have 
been reached, test cars equipped with remote control 
devices were operated in a limited series of tests to 
determine, if possible, the severity at which structural 
damage began to appear. It was intended to continue 


the tests up to the point where we assumed that seri- 


ous injury would result to the passengers. A limited 
number of tests were made; these are not considered 


to be significant, because there should be no serious 
interest in a ditch section where the severity is beyond 
the driver's tolerance. 


The test data consisted of the values of acceleration 
measured by a transducer carried on the car such that 
it measured the accelerations approximately normal to 
the longitudinal axis of the car and recorded them on 
an oscillograph; car speed was recorded simultaneously. 


Figure 11 is a typical oscillogram from these tests. 
The upper trace indicates car speed; in this test it was 
51 m.p.h. The second trace from the top shows an in- 
dication of the time during which the car was pass 
ing through the ditch as noted by the driver; this is 
indicated by the slightly elevated portion of the second 
line from the top extending across the middle two- 
thirds of the chart 
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Figure 11—Oscillogram showing ditch test results. 


The bottom trace shows the acceleration recorded; 
as the car enters the ditch, the acceleration is slightly 
above the zero line, or negative, probably from the 
effect of going over the vertical curve. The accelera- 
tion increases fairly rapidly and during the most se- 
vere portion of the passage through the ditch it has a 
fairly high level which persists for approximately 0.2 
seconds. The mean value indicated during this portion 
of the passage through the ditch was approximately 


Q./) g 
; g- 


The value calculated by assuming the reasonable path 
of curvature from the projected cross-section of the 
ditch was 0.32 g 


£ 
s: 


This relationship between the calculated value and 
the typical value measured is representative of the con- 
ditions found on most of these tests. This chart indi- 
cates that, during such tests, we observe values in the 
range of those calculated, but we also observe values 
persisting for an appreciable length of time which are 
considerably higher than those calculated; in the se- 
vere cases, of which this is an example, the observed 
values are nearly twice the calculated values. 


This is easy to understand; the suspension system of 
an automobile will bottom under the values of vertical 
acceleration which are relatively mild in the framework 
of reference of these tests. When the suspension sys- 
tem bottoms, vertical forces are transmitted through 
the rubber bumpers which have a much higher rate 
than the car springs and a rate which may increase 
considerably as the deflection is increased; consequently, 
an impact severe enough to bottom the suspension sys- 
tem will introduce non-linearities for which no provi- 
sion is made in the calculations and, indeed, which 
would be difficult or impossible to compute directly 
by simple means. 


Figures 12 and 13 show the comparison of calculated 
and measured values on ditch sections 3 and 1, re- 
spectively, as a function of speed for an angle of at- 
tack of 20 


It will be noted that at the relatively mild condi- 
tions at 10 m.p.h., there is reasonably close agreement 
between the observed and calculated values but that 
the difference between them increases rapidly as the 
speed and, consequently, severity of the test increases. 
It may be noted also that the values of both the com- 
puted and measured decelerations increase as the angle 
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Comparison of calculated and measured accelerations on 
Ditch Section 3 with 6:1 slopes and an 8-ft. bottom 
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Figure 13—Comparison of calculated and measured accelerations on 
Ditch Section 1 with 4:1 slopes and 8-ft. bottom. 


Somewhat comparable results are shown in Figure 13 
in the tests on ditch section 1; the differences between 
the observed and computed values are even greater. 
The observed severity of tests was somewhat greater on 
ditch section 1 and the limiting speed was approxi- 
mately 40 m.p.h., compared with approximately 50 
m.p.h. on Ditch Section 3. 


The measured values indicated that the observed 
severity is approximately twice that of the calculated 
value under the more severe conditions. 


Thus it is apparent that none of the three ditch sec- 
tions tested would be acceptable for a primary road 
or a road where speeds above 50 m.p.h. might be an- 
ticipated. 

Driving experience at moderate speeds indicates that 
the severity of impact begins to become uncomfortable 
at approximately the point where the suspension bot- 
toms, and it approaches the intolerable level when the 
bumper strikes the ground. At higher speeds, it would 
be expected that even minor contact with the ground 
would be injury-producing; therefore, this is a con- 
dition which the ditch design should avoid. There is 
some evidence that Suspension systems will bottom 
heavily under normal vertical accelerations in the or- 
der of 0.5 g's which appears to be in the range in 
which the calculated severity of operation is a first ap- 
proximation to the average values observed. 


Design criteria might therefore be based upon the 
development of ditch cross-sections which, when pro 
jected at reasonable angles of attack, would yield path 
prohles such that the curvature of the path ot the cen 
ter of gravity could be estimated reasonably accurately 
nd first order approximation to vertical a cleration 
omputed. Conservative design criteria should provide 
that calculated values of vertical accelerations should 
not exceed 0.5 g for a car passing through a ditch at 
an angle of 15° under the anticipated speeds of opera- 
tion. This would assure reasonably comfortable opera- 
tion at the design speed and provide a slight margin 
of safety for the driver who may have been unwise 
enough to exceed the design speed and unfortunate 
enough to leave the paved surface at 15° or even some 
higher angle. 

The most important element of the ditch section 
design in controlling the severity is the length of the 
vertical curve between the side slopes and the ditch 
bottom. Obviously the radius of curvature is the con- 
trolling element; for design purposes, however, it is 
much simpler to use a circular vertical curve and em- 
ploy criteria based on vertical curve length. 


Figure 14 defines the elements which are considered 
in the development of criteria. 
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Figure 14—Schematic elements considered in the development of 
criteria 


Figure 15 shows the relation between vertical curve 
length and the ditch slope for the arbitrary conditions 
of the speed of 65 m.p.h. and angle of attack of 15°, 
which will provide a severity or normal acceleration of 
0.5 g. To be noted is the rapid increase in required 
length of vertical curve as the slope increases. 
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Figure 15—Vertical curve length as a function of ditch slope for sever- 
ity of 0.5 g's at an angle of attack of 15 degrees. 


Figure 16 shows the influence of the angle of attack 
on vertical curve length for the arbitrary conditions 
of speed of 65 m.p.h. and a ditch with a slope of 6:1 
which will produce a severity or minimum accelera- 
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tion of 0.5 g. From this it will be noted that the se 
verity increases much more rapidly than the angle of 


attack 
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Figure 16—Vertical curve length as a function of angle of attack for 
severity of 0.5 g's on a slope of 6:1 


The importance of the vertical curve as a design ele 
ment of the ditch section is emphasized by Figure 17 
which shows variation in severity with vertical curve 
length; conditions assumed are 15° angle of impact, 
65 m.p.h. and 6:1 side slope. The vertical curve can- 
not be left to chance in design, construction, or main- 
tenance. 
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Figure 17—Voariation in severity with ditch vertical curve length 


This concept of roadside safety for highways at cur- 
rent operating speeds provides that obstacles are cleared 
for a reasonable distance from the edge of the pave- 
ment to provide maneuver room for the driver who 
leaves the pavement, and that the roadside is travers- 
able so he can maneuver satisfactorily; obviously the 
driver will be unable to control his car if the road- 
side is so severe that the car is damaged or if he is 
injured or even severely shaken up or alarmed. 


ROADSIDE SLOPES 


There are little data upon which to base design cri- 
teria of the value of the side slopes on fill sections. In 
some cases, it is obvious that the slope is too steep, 
or that the transition from the side slope to natural 
grade was too abrupt. In many cases, we find on rela- 
tively flat, gentle slopes that the car slides rather than 
rolls over and in certain cases, the car may roll over. 


The force and moment systems on a car_ sliding 
down a side slope are indicated in Figure 18. Here W 
equals the weight of the car, T is the tread, H the cen- 
ter of gravity height, @ the angle of inclination of 
the slope, and F, the sum of the gravitational com- 


ponent and ground reaction or impact reaction against 
an obstacle at the point where the weight on the up 
per wheel, Wu, approaches zero. The equilibrium of 





Figure 18—Force and moment relations when car sliding down side 
slope is decelerated 


force components parallel to the slope of the plane 
are given in Equation 1, the equilibrium of normal 
force components by Equation 2, and the equilibrium 
of moments by Equation 3: 


(1) =F, F — (ma Wsin9) O 
(2) =F; Ww Wcos9 

T 
(3) =M - Wcos8 — H (ma 


> 


Wsin®) O 


From (1) 
(4) F=ma WsinO 
From (4) and (3) 


I 
2) W cos HF 


W cos 
2H 
E ; 
yf ‘, where 8 = O, and where f the co- 
Ww 2H 
efficient of friction or coefficient of ground reaction. Thus on 
evel road the coefficient of ground reaction which will balance the 


I 


car about the reacting wheel is equal to the ratio 2H, where 
I = tread width and H is the center of gravity height 


Equation 6 shows that, on a car sliding down a slope, 
the ground reaction force necessary to tip it over is 
proportional to the cosine of the angle of inclination 
of the slope, and that consequently the reaction force 
against the wheel required to tip the car over decreases 
as the angle of inclination of the slope increases. It 
should be noted further that the ratio of the horizontal 
and normal forces, F/W, may be a coefficient of friction 
or a coefficient of ground reaction required to give this 
equilibrium of overturning moments and that the value 
of this reaction is dependent upon the tread width and 
the center of gravity height as expressed in Equation 
On a level road, for example, the car will overturn when 
the coefficient of friction exceeds the ratio of the tread 
ind twice the center of gravity height. 

The value of the deceleration which must be pro- 
vided by the friction or ground reaction on the side 
slope to overturn the vehicle may be determined from 
the relations above. 


Solution for the deceleration, a, gives: 
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W’cos®8 — Wsin9 
| 


Wa T 
Wcos8 — Wsin® 

g 2H 

a I 
(10) cos0 sinO 

zg 2H 
is the deceleration in gravity units or ‘g's’; it is in the 
1 magnitude as f in the equation 

1 
(Equation 7) 


» 


The effect of roadside slope on the deceleration pro- 
vided by the friction or ground reaction on the decel- 
eration required to trip the car is shown on Figure 19 
for an arbitrary angle of attack of 25°, where a value of 
1 
2H 


representative of current automobiles is considered. 
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Figure 19—Effect of roadside slope on ‘tripping’ deceleration. 


It shows, for example, that deceleration provided by 
the ground reaction and the coefficient of friction of 
the slope required to tip the car over is reduced by 
about 6 per cent below that required on a level road 
on a slope of 6:1; on a roadside slope of 4:1, the trip- 
ping deceleration required to overturn the car is re- 
duced by 9 per cent; on a 3:1 slope by 13 per cent; 
on a 2:1 slope by 18 per cent. Figure 19 means, then, 
that it is easier to tip a car over on a steep slope than 
on a relatively flat slope. 
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Figure 20—T/ 2H as function of H and T 


As computed approximately for static conditions, cur- 
rent automobiles have an average stability factor of 
about 1.4 with some small variations related to different 
design approaches 


I 


The effect on the stability factor, 2H, of variation 
in T and H, the tread width and center of gravity 
height respectively, is shown on Figure 20 for all treads 
in the practical range and a range in center of gravity 
height from 18 in. to 24 in. The effect of lowering 
the height of the center of gravity is of more importance 
on this variation than is the effect of changing the tread. 
Figures 21 and 22 show the rates of change of f with T 
and H, respectively. The derivative of this function with 

df l 


respect to T, dT 2H, is independent of T, indicating 
that f decreases as the reciprocal of H of all values of T. 
On the other hand, the derivative of f with respect to H, 
df i 

dH 2H’, is inversely proportional to the square of 
H, the center of gravity height, so that the contribu- 
tion of H to the stability index varies as the negative 
reciprocal of H?. 
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Figure 21—Rate of change of f with respect to T. 
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Figure 22-—Rate of change of f with respect to H 


The relative stability of the current cars has been 
achieved largely by virtue of low center of gravity 
height. In passing, it should be noted that reduction 
in the center of gravity height means inevitably that 
the driver's position in the car will be lowered and 
consequently that the driver's eye height is also lowered. 

In other papers, some on this program, the trend 
in driver’s eye height and its relation to crest vertical 
curve passing distance is discussed.*.>.° 

It should be clear, however, that the reduction in eye 
height occurs somewhat in proportion to the decrease 
in center of gravity height and that the stability of the 
cars is increased approximately as the inverse square 
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of the reduction in driver's eye height, that is, as the 
square of the decrease in height of the center of gravity. 
r 


The significance of the stability factor, 2H, is that 
this factor is equal to the coefficient of friction of the 
surface on which the car will overturn when it is slid- 
ing sideways or “coefficient” of ground reaction; the 
units of stability factor are the same as those of co- 
efficient of friction. 

In order to determine the significance of the values 


of the stability factor, 2H, or the tripping decelera- 
tion rate, which must be provided by ground reaction 
or coefficient of friction of the ground surface, a car 
was dragged sideways on several types of surface. Os- 
cillograms of the results of tests on representative sur- 
faces are shown on Figures 23 and 24. Figure 23A 
shows the recorded test results measured over a range 
of low speeds on a dry, firm, grass surface; this sur- 
face is that of the typical mowed grass in a field and 
it is believed to be representative of sodded roadside 
surfaces in Michigan. The ground was firm and dry, 
representative of typical summer conditions. Tests were 
repeated in late October when the fall rains had mois- 
tened the ground thoroughly and the results of this 
test are shown in Figure 25. The differences between 
dry and firm and wet sod are not large and are gen- 
erally less than the effects of local variations or pro- 
tuberances during each of the tests. 


The side force ground reaction on dry sod shown 
in Figure 23A ranges primarily between 1.0 and 1.2 
as expressed in units of coefficient of friction with local 
variations which may be taken as indicative of the ef- 
fect of small local protuberances. While the range of 
speed was low, there is little variation in the value of 
“coefficient” with speed. Although this factor is ex- 
pressed as if it were a coefficient of friction, it is prob- 
ably not a true coefficient and values are probably de- 
pendent on surface irregularities. 

Figure 23B shows the values developed on a bitu- 
minous concrete surface; at lower speeds, the coefh- 
cient of friction also falls in the range between 1.0 
and 1.2, and at speeds of approximately 10 m.p.h., the 
coefficient falls below 1.0, that is, in this case, we ob- 
serve a decrease of coefficient with an increase of speed. 

Figure 24A shows the results of tests made on a 
gravel road surface; the coefficient of friction varies be- 
tween 0.6 and 0.8 and with a typical value of possibly 
0.7; very little effect is shown over speed range of ap- 
proximately 11 m.p.h. to nearly 0 m.p.h. 

Figure 24B shows the results of tests made on a dirt 
surface; the typical values of speeds of the order of 
i m.p.h. or less are generally speaking below 0.8 al- 
though the coefficient reaches 1.0 locally. The effect of 
speed over a range up to approximately 5 m.p.h. ap- 
pears to be negligible. 


Figure 24C shows the coefficient of friction measured 
by dragging a car sideways on a Portland Cement con- 
crete road surface; for speeds of approximately 10 
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Figure 23A—Coefficient of lateral ground reaction, dry sod. 














| ASPHALT 





Figure 23B—Coefficient of lateral friction, bituminous concrete 
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Figure 24A—Coefficient of lateral friction, gravel road. 
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Figure 24C—Coefficient of lateral friction, Portland Cement concrete. 


m.p.h., the coefficient is somewhat below 0.8. At lower slope with firm, dry sod will occur when there are ir- 
speeds, 8 m.p.h. and lower, the coefficient rises above regularities in the surface, protuberances or ruts which 
).8 and exceeds 1.0 at creeping speeds. the car wheel may strike, so that relatively high values 

On paved surfaces, the coefficient develops higher of impact resistance occur which may trip the car, or 
values at lower speeds but this condition is apparently when the ground is soft enough that the lower wheel 


not found on sod, gravel or dirt surfaces. 
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Figure 26—Summary of average values of lateral coefficient of friction 


Figure 25—-Coefficient of lateral ground reaction, wet sod in the speed range of 0-12 m.p.h. 


Figure 25 is a summary of average values of lateral can dig in and develop a relatively large shear force 


oefhicient of friction or ground reaction shown on the against the edge of the groove in the ground 


oscil oram -soure ) > rs ‘ 
llograms in Figures 23, 24 and 25 In view of the relatively small reserve of stability 


While it was not possible on this series of tests to provided by current automobiles with lower center of 
observe values of ground reaction at practical road gravity height, careful design and construction of the 
speeds, the oscillograms made in the range from 0-12 roadside is a matter of great significance in the design 
m.p.h. do not suggest that there is an important Varia- for roadside safety. This leads to the suggestion that 
tion in speed on either wet or dry sod; the values on more sophisti ated design and construction practices for 
wet and dry sod are essentially the same roadside surfaces should provide for compact, smooth 

It seems obvious that the maximum practical values surfaces and that maintenance practices should give 

coefhcient of friction or ground reaction on a side much more emphasis to preserving this smoothness. 
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The importance of smooth, firm, low coefficient roadside 
surfaces can hardly be overemphasized in the considera- 
tion of roadside safety. 


The effect of roadside slope in reducing the tripping 
deceleration level is of first order of significance; the 
6 per cent to 18 per cent reductions noted on Figure 
19 when the car is sliding down the slopes of 6:1 and 
2:1 at a 25° angle may indeed be of great significance. 


The value of the slope also has secondary effects 
since the steeper the slope, the longer the velocity of 
the car will be maintained and thus the greater will be 
the possibility of striking some protuberance which will 
trip it. Furthermore, the steeper the slope, the greater 
is ‘the weight transfer from the upper to the lower 
wheel and the greater the indentation into the ground 
will be and the larger the shear forces may be. 


It must be concluded that, for safe roadside design, 
the slopes must be as flat as possible, not steeper than 
6:1 and preferably flatter. They must be as smooth 
and firm as possible and provide the lowest possible 
reaction against a car sliding sideways down them. 


Unfortunately, there is no manner of specifying road- 
side smoothness adequately; tentatively it may be said 
that slopes should be free from stumps, firmly em- 
bedded stones, and erosion channels, and smooth enough 
to be mowed comfortably. The apparent margin of 
stability factor of even the current automobiles with 
low center of gravity height is such that relatively 
small improvements in the flatness and the smoothness 
of the roadside slopes would make significant reduc- 
tion in roadside hazards. 


GUARDRAILS 


Under some circumstances, it will be impossible to 
eliminate the obstacles from beside the road. Bridge 
piers must be relatively close; in mountainous terrain, 
it will be impossible to have side slopes constructed 
according to the ideal which we have discussed. In other 
cases, on high fill, the slope of the natural ground will 
be such that it will be impossible to build a flat, gentle 
side slope, and a steep fill will be required. In these 
cases, some use of guardrail must be made to protect 
against more serious obstacles. 


At the last meeting of the Highway Research Board, 
Messrs. Lundstrom and Skeels reported on a series of 
full-scale guardrail tests conducted at the proving 
ground.’ A major conclusion of their paper was that 
there was no such thing as a perfect guardrail; that a 
guardrail was a last resort, and that it should be used 
only when no other solution was possible. Mr. Beaton 
of California is reporting this year on a series of tests 
of median barrier installations which are comparable 
with guardrails, and thus we have a great deal more 
information than we had two years ago.S However, 
since Messrs. Lundstrom and Skeels’ report was incom- 
plete, we have conducted some additional tests with 
particular reference to the design of the end installa- 
tion. Figure 27 shows results of a full-scale impact 
of a car against the end of a guardrail installed ac- 
cording to the standard installation. This produces a 
shocking direct collision with an obstacle; it is a com- 
pletely undesirable installation. We sought to improve 
on this by ramping the end sections down to the ground 
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to allow the car to slide upward. The impacts were 
rather moderate, and this approach appeared to be 
rather promising. 


Figure 27—Collision with standard guardrail end installation 


A second test was made at 60 m.p.h. on an installation 
having a somewhat longer ramp. In this case, the ramp 
was too steep and the car was pitched violently up in 
the air. A third installation was made with a still longer 
ramp and with closely spaced posts extending six inches 
above the rail. The results were somewhat more favor- 
able, but the impact was severe. 

There may be other and better solutions to this prob- 
lem; Figure 28 shows probably a nearly ideal condi- 
tion where the back slope of the ditch was approxt- 
mately 30 in. above the pavement surface and the 
guardrail was taken across the ditch and started at 
approximately the top of the bank so that the end is 


protected completely. This solution can be applied to 
equal advantage where the back slope extends well 
above the level of the pavement, provided that there 


is a shallow ditch of good design. 


Figure 28—Guardrail end installation in ditch backslope 


In locations where there is no convenient ditch and 
ack slope, a long, low earth mound ahead of the end 
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of the guardrail would appear to have great advantage. 
Provision is made that one or the other of the wheels 
might run up on the bank, and when the car reaches 
the guardrail, it will simply slide along the top. If the 
car strikes the approach ramp dead center, it will sim- 
ply slide up the long, gentle ramp with very low im- 
pact values 


A variation of this design might be to build a some- 
what wider ramp, falling away more slowly as the end 
of the guardrail is reached, so that the whole car would 
drive up the ramp and the flat departure slope of the 
ramp would allow the car to settle down on top of the 
guardrail gently. We have not had an opportunity to 
evaluate the previous design. One is left with the in- 
tuitive impression that it should be a satisfactory solu- 
tion to the problem for most installations. It seems 
clear that almost anything is better than no end treat- 
ment at all 


As noted also in the Lundstrom-Skeels paper, there 
is still uncertainty as to the type of installation which 
will produce the minimum hazard to the occupants of 
the car. There is some question about the compromise 
between minimum hazard to the occupants and to the 
other travellers on the highway. There !s some question 
remaining about the optimum type of guardrail, 
whether it be a beam, cable-type, net-type, or some 
fixed impassable barrier. More information is needed 
on the best type of material, which may be steel, alumi- 
num, fiberglass or wood. There is some question still 
about the optimum size of posts, their spacing, and 
the material of which they are made. There are still 
questions about the best way of mounting the guard- 
rail, whether it should be mounted directly to the post, 
mounted with a spring connection, or with a solid 
b lock 


While it appears that there is a great deal not known 

about guardrail design, it is clear that hitting a guard- 

accident, and that installation of guardrails 
avoided wherever possible. 


SUMMARY 


Roadside hazards are a significant part of the high- 
problem; these hazards can and should 
be reduced significantly by eliminating obstacles ad- 
jacent to the roadside including trees, light poles and 
sign posts 


way accident 


Ditch sections should be shallow and wide; a ditch 
with a 4:1 slope and back slope and an 8 ft. bottom 
= 2, oduce vertical accelerations exceeding 1.0 g at 
40 .h. The maximum intensity of operation short 
of driver injury is approximately 2.0 g’s which occur 
in a ditch of this type at an angle of attack of 20° at 
a speed of approximately 50 m.p.h. The vertical or 
normal accelerations produced can ie estimated by the 
calculation under rather mild conditions up to the point 
whece the suspension system bottoms at values of nor- 
mal accelerations of possibly 0.5 g; beyond these values, 
the non-linearities of the suspension system make it 
impossible to calculate normal accelerations by simple, 
direct methods. For high-type roads where practical 
speeds above 65 m.p.h. may be anticipated, a ditch 
section having slopes of 6:1, bottom width of at least 
6.5 ft. with vertical curves 6.5 ft. long on each side, 
is the most severe that should be used for the desirable 
standards of roadside safety; this section will give com- 
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puted values of normal acceleration of 0.5 g at 15° 


angle of “attack.” 


Side slopes have a first-order influence on the proba- 
bility of the car rolling over. The stability factors of 
even the current automobiles with low center of gravity 
height have a margin of reserve beyond the frictional 
reaction of smooth, firm, sodded slopes such that even 
small losses in effective stability may be significant; 
these losses may be produced by steep roadside slopes 
or roughness of the surface. On the other hand, even 
the rather small numerical improvement achieved by 
reducing the roadside slope and smoothing the irregu- 
larities of the roadside surface would make significant 
gains in roadside safety. The slope should be no steeper 

-and preferably flatter—than 6:1; the roadside should 
be smooth and clear of small obstacles and protuber- 
ances, and it should be constructed of firm material. 


Guardrails should be eliminated wherever possible. 
Conventional end installations are serious man-made 
obstacles and improvements in design of these installa- 
tions have been suggested. A straight ramp reduces 
the hazards materially; where possible the end may be 
buried in the ditch back slope or a long, low, artificial 
mound may be built to cover the end. 


The cost of construction according to the 1960 road- 
side standard over the primitive 1926 standard is ap- 
proximately $9000 per mile on level terrain and $26,- 
000 per mile in hilly, wooded country on specific por- 
tions of the Proving Ground road system. 
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THE AUTO TRAINER AS A MEASURE 
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INTRODUCTION 


The first paper deals with the determination of the time 
necessary to reach plateaus on the various scores of the 
standard Auto Trainer, viz., the required time to complete 
the test, observation or response time, steering, errors, and 
total movements. In this part of the study five subjects 
were used who ranged in age from 23 to 38. They were 
given a series of ten runs each. These ten runs were then 
tabulated and comparisons made. Composite scores which 
included the means of the various ratings were calculated. 
The results are shown in Table I. 


TABLE I 
Test Results 


Observa- Total Composite 
tion Time Score 
Test Move- Time in (Mean of 
Run Steering Errors ments inSec. Minutes Ratings) 


93.2 11.2 124.6 774 3.04 18 
96 9. 123.2 642 2.82 19. 
95.2 8 122.8 546 3.40 19 
93 é 129.8 654 2.76 19 
95 148.6 552 3.12 
111 2 104.4 648 3 
108.2 4. 97.0 546 3 
105 101.8 606 3 
105.2 3 100.0 .528 3. 
10 106.0 103.6 522 2 
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Inspection of these results indicate that improvement in 
general is made up to the fifth or sixth practice period. The 
greatest improvement comes in the reduction of errors 
There was a consistent improvement in practically all of 
the scores, with the exception of total time. The composite 
score showed a small but consistent increase throughout the 
ten practice periods. These results indicate that there is a 
practice effect through the first six runs, after which a rela- 
tive plateau is reached and retained for the remaining four 
runs. There was a fair degree of consistency among in- 
dividuals in their standings throughout the series of runs. 
So far as laboratory apparatus is concerned, the measures 
seemed to operate more or less uniformly and possibly a 
more simplified score might be obtained. 


EFFECT OF AUTO TRAINER PRACTICE 
In the second study, designated as Part II, two groups 
of learners were taken through a course of driver training 
to determine the extent of supplemental training. Twelve 
of 33 students taking the course took advantage of an offer 
to obtain more practice behind the wheel. They were given 
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a series of five lessons according to a prearranged schedule. 
At the end of the regular driver education course all the 
students were given a test run on the Auto Trainer. This 
was used as a criterion for comparison between the groups. 
One group had their training in the car only, while the 
other group had the training in the car plus supplemental 
training on the Auto Trainer. 

A model B Auto Trainer was used with various phy- 
chophysical equipment for teaching the fundamentals of 
driving and for evaluating visual acuity, activity, field of 
vision, distance judgment, strength of grip, occular dom- 
inance, simple reaction time, and glare tolerance. All stu- 
dents had this supplemental training except that given on 
the Auto Trainer. 

At the end of the course the two groups were given tests 
to determine what effect, if any, had taken place by the 
supplemental training on the Auto Trainer. All the 
measurements were made on the Auto Trainer, which might 
be considered as the basic practice instrument. The results 
in Table II indicates the means for the various measures, 
the differences and the significances of the differences. 


TABLE II 
Significance of the difference between the group means for the 
factors measured by the Auto Trainer 


Difference 
Between 
Factor Group* Mean Means t Value 
Superior 17.846 
Inferior 13.636 4.210 
Superior 3.000 
Errors Inferior 11.091 3.091 1.928 
Superior 5.692 
Inferior 7.909 21 1.985 
Superior 3.385 
Inferior 9.455 ».O7( $.209** 
Superior 5.231 
Inferior 5.955 724 
Superior 4.615 
Inferior 3.318 1.297 


Steering 


Movements 
Observation Time 


Total Time 


Composite Time 2.889** 


‘Group I Driver Training course plus supplemental instruction 
on the Auto Trainer 

Group II Driver training course only 

Significant at the 1 per cent level 


Considerable time elapsed between the supplemental 
training on the Auto Trainer and the final test. It will be 
remembered that Group I had five early lessons on the 
Auto Trainer in addition to their driving practice. Group II 
had only the behind-the-wheel practice. 

One might hypothesize: (1) that there would be no 
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practice effect at all; (2) that there might be some practice 
noted which would carry over after the driving practice; 
and (3) that a negative transfer would result from the 
Auto Trainer practice to actual driving, or vice versa. This 
was the fundamental objective of this phase of the ex- 


periment 


EFFECT OF OUTSIDE ROAD PRACTICE 


It was also desired to-test whether outside practice would 
tend to help manipulation on the Auto Trainer. Table III 
gives the results found on this part of the experiment. 


TABLE III 
ors and t-values obtained by means of analysis of covariance. 
Superior 

Factor t-value Group 
Steering 2.180* I 
Errors 1.498 
Movements 1.713 
Observatior ime 2.507* 


266 
1.916 


While it might be expected that improvement on the 
Auto Trainer would result from practice on the Auto 
Trainer, the following conclusions seemed warranted with 
respect to outside practice. 

The results seem to indicate that supplemental training 
on the Auto Trainer will improve the performance test with 
respect to two factors, viz., steering and observation time. 
With respect to errors, movements, total time, and com- 
posite score, there seemed to be little improvement after 
the first practice. In this part of the study, outside driving 
practice done by the learner in his own car was held con- 
stant. It was found that the amount of outside driving 
practice did not materially influence the driving performance 
as measured by the Auto Trainer. 


The third part of the study has to do with the inter- 


correlation of ratings given by instructors, Supervisors and 
vers license examiners and test scores, etc. Twenty two 


students who had completed the driver education courses at 

1 State College during the Spring Quarter of 1953 were 
used as subjects. Scores were obtained on the instructor's 
grade (A), instructor's rating (B), the supervisor's rating 


(C), the patrolman’s rating (D), steering (E), errors (F), 

(G), observation time (H), total time (1), 
my score (J) of the Auto Trainer. A special 
list was made up for the patrolman which was rela- 
simple in nature. The results obtained are shown in 
t section, including Table IV. 


TABLE IV 
of Performance Test Scores* 
G H I 
-48* .39 —.06 
7 .05 11 


—.18 30 


In this part of the experiment it would appear that the 
instructors do not base their grades on factors measured 
by the Auto Trainer. 


Students tending to finish the test in the shortest time 
have the highest composite scores. A shorter trip time 
seems to indicate a slightly better performance among 
beginners. This might be expected in a mixed trained and 
untrained group, but not among beginners. 


A negative correlation between movements and the 
instructor’s grade, instructor's rating and the supervisor's 
rating seems to indicate that the better drivers make fewer 
movements. There is undoubtedly an optimal rate for the 
most successful performance. The moderate positive correla- 
tion between composite score and instructor's rating, .39, 
and supervisor's rating, .29, suggests that the factors 
measured during a test run on the Auto Trainer may give 
somewhat the same evaluation of driving performance as 
the ratings by the instructors and supervisory personnel. The 
patrolman’s rating correlated positively, but low, with the 
instructor's rating, .30, and the supervisor's rating, .37. 
It showed a low negative correlation with the composite 
Auto Trainer score but the correlation was probably not 
significant. 


In other words, there is some agreement among the rat- 
ings of the supervisor, the patrolman and the instructor. 
While most of the intercorrelations are short of the 5 per 
cent level of confidence, this would be expected from a 
sampling of this size. Errors and composite score correlated 
highest. 


Within the limits of this third part of the study, the 
hypothesis that the factors measured by the Auto Trainer 
and pencil-and-paper ratings are the same is tentatively 
rejected. The correlations are, however, indicative of trends. 
A higher relationship exists among factors measured by 
the Auto Trainer than among the pencil-and-paper ratings. 
Driver training instructors and supervisors are not in agree- 
ment with the highway patrolman in the evaluation of 
driving ability with respect to the factors assumed to be 
measured by the pencil-and-paper check lists and grades. 
The study indicates the necessity for further investigation. 


CONCLUSIONS 


Within the limitations of the present study the following 
tentative conclusions seem warranted. 


1. Improvement on the various scorings of model B 
Auto Trainer show improvement after the Sth or 6th prac- 
tice. For test purposes tests made on any of the earlier 
trials are closely comparable. 


2. Steering and observation time seem to be the best 
measures for classification of drivers. 


3. Trip time does not show a great deal of improvement, 
but does seem to give some indication of the driver's char- 
acteristics and aptitude. 


i. The composite score shows such low variability that 
its use is questionable. 


5. Supplemental training on the Auto Trainer improves 
performance as shown by a re-test after several weeks of 
time have elapsed. 

6. Auto Trainer ratings agree more closely with in- 
structor’s and supervisor's ratings than with ratings given 
by the driver license examiner for the state. The two former 
were moderately substantial, while the latter was not. 
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